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The  Week’s  Programme  at  a  Glance 


Sunday  -  29  July 

Registration 
Congress  Centre 

Delegates  and  Accompanying 
Persons  register  In  person 
for  the  8th  International 
Biophysics  Congress 
throughout  the  morning  and 
afternoon 


Evening 

The  8th  International 
Biophysics  Congress  will  be 
officially  opened  at  the 
Colston  Halt  in  the  early 
evening 


Cotston  Hall 
Opening  Ceremony 

followed  by 

Plenary  Lecture 
B.  Sakmann 

and  for  Accompanying 
Persons 

Orientation  Session 
**An  Introduction  to  Bristol" 


Bristol  University 
Welcoming  Receptions 
Wills  Memorial  Building 
and 

Goldney  Hall 


(Buffet  Dinner  will  be  served 
to  residents  in  the  University 
Halls  of  Residence  after  the 
Reception). 


Monday  -  30  July 

Morning  Symposia 
Colston  Hall 

Chemical  and  Electrical 
Regulation  of  Ion  Channels 


Council  House 
NMRin  Vivo 


Unicom  Hotel 
Polymorphism  and 
Structural  Transitions  in 
Mucleic  Acids 


Watershed 
Pood  Biophysics 


Afternoon  Symposia 

Council  House 
Nucleic  Acid'ProteIn 
Interactions 


Unicorn  Hotel 

Processing  and  Control  of 
Visual  Information 


Watershed 

Connective  Tissue  and 
Bono 


Poster  Sessions 
Congress  Centre 

Chromatin  Structure  and 
Function  —  Molecular 
Evolution  —  Folding. 
Dynamics  and  Solvation  of 
Macromolecules 
Electrostatic  Effects  in 
Protein  Function  ~ 
Viruses  —  Dissipative 
Structures  and  Pattern 
Formation  in  Biological 
Systems  —  Rheology  of 
Ceil  Membrane 


Social  Programme 

Bristol  Heritage  Walk 
Bnstot  Waterfront  Cruise 
Bristol  City  Sightseeing 
Tour 
Bath 

Bristol  Hentage  Walk 


Evoning 

“Pub  Crawf  Cruise 
Caldicot  Castle  Banquet 
Harve/s  Wine  Museum 


Wednesday  -  01 


August 


Thursday  -  02  August 


Friday  -  03  August 


Morning  Symposia 
Colston  Hall 

Folding,  Dynamics  and 
Solvation  of 

Macromolecules  (Part  1) 


Council  House 
Image  Reconstruction 


Unicorn  Hotel 

Dissipative  Structures  and 
Pattern  Formation  in 
Biological  Systems 


Watershed 

Affinity  Group  Meeting  on 
Structure  of  Food 
Blopolymors 


Morning  Symposia 
Colston  Hall 

Folding,  Dynamics  and 
Solvation  of 

Macromolecules  (Part  2) 


Council  House 
Photosynthesis 


Unicorn  Hotel 
Medical  Imaging 


Poster  Sessions 
Congress  Centre 

CrosS'Brtdge  Mechanisms 
and  Muscle  Contraction 
Cytoskeleton  —  Ciectric 
Reid  Effects  in  Cell 
Membranes  —  Photo  and 
Auditory  Receptors  — 
Applications  of  Synchrotron 
Radiation  ***  Developments 
in  Microscopy  image 
Reconstruction  — 
Processing  and  Control  of 
Visual  information  ~ 
Environmental  Biophysics 
--  Education  in  Biophysics 


Morning  Symposia 

Colston  Hal] 
Electrostatic  Effects  In 
Protein  Function 


Council  House 
Photo  and  Auditory 
Receptors 


Unicom  Hotel 
Applications  of 
Synchrotron  Radiation 


Watershed 

Affinity  Group  Meeting  on 
Structure  of  Food 
Blopolymors 


Watershed 
Rheology  of  Cell 
Membrane 


Afternoon  Symposia 


Social  Programme 


Afternoon  Symposia 


Poster  Sessions 
Congress  Centre 

Chemical  and  Electrical 
Regulation  of  Ion 
Channels  *-*  Mechanisms 
of  Transport  across 
Membranes  —  Food 
Biophysics  ~  NMR 
in  Wvo—  Medical 
Imaging 


Social  Programme 


Afternoon  at  Leisure 
artfrom 

I.U.P.'AIBTtiencfar 
Assembly 
,^atefshed 


Social  Programme 
Including 

Evening  Activities 

Bfitol  Hentage  Walk 
Bristol  Waterfront  Cruise 
Brecon  Beacons  and  Cardiff 
Castle  Banquet 
Warwick  Castle  and  Royal 
Shakespeare  Theatre 
SS  Great  Britain 
Bath 

Bath  and  Theatre  Royal  in 
Bath  •  -HMS  Pinafore“ 

Wei's.  Glastonbury  and 
Sh(  ppy‘s  Cider  Farm 
Big  Pit  and  Cardiff  Castle 
Bariquet 

Royal  Shakespeare  Theatre 
-Richard  lir 

Theatre  Royal  in  Bath  •  “ 
“HMS  Pinafore" 

Chequer's  Inn  Cruise 
Harvey’s  Wine  Museum 


Council  House 
Molecular  Evolution 


Unicorn  Hotel 
MetahProtoInsand 
Electron  Transfer 


Bnstot  Hentage  Walk 
Bristol  Waterfront  Cruise 
Bath 
Longieat 

Chewton  Cheese  Dairy 
Bristol  Hentage  Walk 
Bowood 


Watershed 

Polysaccharides  and 
Glycoproteins 


Colston  Hall 
Plenary  Lecture 
A.  Finkelsteln 


Evening 

Official  Congress  Dinner 
Grand  Hotel 


Council  House 
Electric  Field  Effects  In 
Cell  Membranes 


Unicorn  Hotel 
Developements  m 
Microscopy 


Bristol  Hentage  Walk 
Bristol  Waterfront 
Cruise 

Wells  and  Glastonbury 
Lacock  and  Bradford*on* 
Avon 


Watershed 

Environmental  Biophysics 


Colston  Hall 
Plenary  Lecture 
P.L.  Privalov 

lollowed  by 
Closing  Ceremony 

Evening 

(Dinner  will  be  served  to  residents  in 
the  University  Halls  of  Residence  before 
the  Reception). 


City  of  Bristol  Civic  Reception 
Ashton  Court  Mansion 


General  Information 


Banks 

The  Congress  Secretariat  was  unable  to  persuade  any  U  K. 
Clearing  Bank  to  establish  a  Banking  counter  in  the  Congress 
Centre.  However,  branches  of  all  major  Clearing  Banks  are 
located  in  Com  Street  and  these  offer  foreign  exchange  facilities 
during  banking  hours  from  Monday  to  Friday  behveen  09.30  and 
15.30. 

Foreign  Exchange  facilities  are  available,  at  the  Unicom 
Hotel,  between  09  00  and  19.00  on  both  Saturday  28  July  and 
Sunday  29  July  to  all  delegates  on  production  of  evidence  that 
they  are  associated  with  the  Congress.  Danng  the  rest  of  the 
week  only  those  delegates  who  are  residents  at  the  Unicom  Hotel 
may  use  these  facilities. 

Car  Parking 

There  are  numerous  car  parking  spaces  in  the  car  park  opposite 
the  Congress  Centre.  The  car  park's  vehicle  entrance  is  on 
Anchor  Road,  but  pedestrians  can  enter  and  leave  the  car  park 
through  a  gate  on  Canon's  Road,  immediately  opposite  the  main 
entrance  to  the  Congress  Centre.  The  fee  for  parking  for  the 
whole  day  is  £1 .00,  and  the  ticket  dispensing  machines  require 
lOp  and  50p  coins. 

The  small  car  park  on  the  quayside,  adjacent  to  the 
Congress  Centre,  is  for  permit  holders  only. 

Free  car  parking  facilities  are  available  at  the  University 
Halls  of  Residence.  Drivers  are  asked  to  ensure  that,  when 
parking,  they  do  not  block  or  impede  the  progress  of  Congress 
coaches. 

Congress  Centre 

The  Congress  Centre  has  been  designed  as  a  "Common  Room" 
or  Club,  with  Bar  and  Restaurant  facilities,  where  delegates  can 
relax  between  symposia  and  meet  up  with  fnends  and 
accompanying  persons  It  is  also  the  location  for  the  Poster 
Sessions,  the  Congress  Exhibitors,  the  Congress  Secretanat  and 
the  I.U.P.A  B.  Secretanat. 

Its  official  address  is  The  City  Docks  Centre,  Canon's  Road, 
Bristol.  It  will  remain  open: 

SUNDAY29  JULY  08.30hours-  19.00hours 

MONDAY  through  THURSDAY  08.30  hours  -  2 1 .00  hours 
FRIDAY  03  AUGUST  08.30  hours  - 1 7  30  hours 

Congress  Coaches 

Congress  coaches  operate  a  regular  shuttle  service  between  the 
Congress  Centre  and  the  University  Halls  ol  Residence.  Full 
delails  of  this  service  are  given  in  the  Congress  coach  timetable,  a 
separate  leaflet  included  in  the  document  wallet  given  to 
each  delegate. 

Congress  coaches  will  board  and  disembark  passengers 
for  the  shuttle  service  and  the  Social  Programme  activities  at  the 
main  entrance  to  the  Congress  Centre,  which  is  on  Canon's  Road. 

Congress  coaches,  terminating  at  the  University  Halts  of 
Residence,  will  turn  around  in  the  car  park  between  Badock  and 
Hiatt  Baker  Halls  where  they  will  disembark/board  residents  of 
Badock  Hail  before  proceeding  to  the  entrani.o  of  Hiatt  Baker  Hall 
to  board  residents  from  that  Hall. 

Congress  Exhibition 

The  Congress  Exhibition  located  on  the  ground  lloor  ot  the 
Congress  Centre  will  be  open 

MONDAY  through  FRIDAY  09.00  hours  - 1 7.30  hours 
Descriptions  of  the  companies  and  their  products  are  given  in  the 
"Congress  Exhibitors"  section,  and  their  locations  are  shown  on 
the  floor  plan  at  the  back  ol  this  book 


Congress  Secretariat 

The  Congress  Secretariat,  located  on  the  ground  floor  of  the 
Congress  Centre  will  be  open; 

SUNDAY  through  FRIDAY  09.00  hours  - 1 7  30  hours 

The  mam  emphasis  on  Sunday  29  July  will  be  on  the 
provision  of  lull  Registration  Documentation  for  all  delegates  and 
the  settlement  of  any  outstanding  financial  items.  Registration 
desks  have  been  allocated  in  geographicat  groupings  in 
proportion  to  the  number  of  delegates  from  those  areas,  with 
several  desks  set  aside  for  the  registration  of  Speakers  and  Travel 
Fellows  Reservations  for  Congress  accommodation  and  Social 
Programme  activities  will  be  looked  after  at  separate  desks 

On  Monday  30  July  the  Congress  Secretariat  desks  will  be 
re-organised  into  four  sections- 

Congress  Secretariat  Information  -  General 

Information  and  Assistance  including  looking  after 
Lost  Property  and  dispensing  tea  and  coffee 
vouchers 

New  Registrations  -  including  the  issue  ol  Exhibition 
Visitor  Passes 

Congress  Accommodation  -  ircluding  Travel  Enquiries 
and  finally 

Social  Programme  Reservations 

If  delegates  and  accompanying  persons  have  any 
problems,  please  ask  -  the  Congress  Secretariat  staff  are  here 
to  help 

Congress  Scientific  Secretariat 

Full  details  are  contained  in  the  "Congress  Scientific  Programme 
-Introduction"  section 

Deiegate  Name  Lists 

Computer  printouts  showing  delegates  names  and  addresses  are 
available  lor  inspection  at  the  Congress  Secretarial  Information 
Desk,  and  delegates  are  welcome  to  use  a  dedicated  V.D.U 
terminal  to  interrogate  the  name  and  address  file 

Medicai  Emergencies 

Delegates  and  accompanying  persons  can  be  treated  under  the 
normal  provisions  for  overseas  visitors  made  by  the  National 
Health  Service  Delegates  resident  in  hotels  and  University  Halls 
should  ask  their  hotel  or  Univeisity  Hall  management  to  contact  a 
local  General  Practitioner  (family  doctor)  on  their  behalf 

The  nearest  Accident  and  Emergency  Department  to  the 
Congress  Centre  is  the  Casualty  Unit  at  the  Bristol  Royal 
Infirmary,  Marlborough  Street.  Bristol,  which  is  shown  on  the  map 
of  the  City  of  Bristol  on  the  inside  front  cover  ol  this  book  at 
location  (i). 

Messages 

Noticcboards,  displaying  all  public  announcements,  are  situated 
on  the  ground  floor  ol  the  Congress  Centre,  opposite  the 
Congress  Secretariat  desks 

Piivate  messages,  lor  friends  and  colleagues,  and  incoming 
mail  will  be  deposited  in  'he  Message  Boxes,  lettered  A  -  Z,  in  the 
same  location. 

Paper,  envelopes,  drawing  pins,  photocopying  etc  can  be 
obtained  from  the  Congress  Secretanat  for  these  purfioses.  To 
ensure  that  full  use  is  mads  of  these  facilities,  delegates  are 
asked  to  routinely  check  the  Noticeboards  and  Message  Boxes. 
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Name  Badges 

Delegates  and  accompanying  persons  are  asked  to  wear  their 
name  badges  during  the  Congress.  Unless  badges  are  worn, 
admittance  to  the  Congress  Centre.  Symposia.  Plenary  Lectures 

and  other  events  will  not  be  permitted. 

Coloured  dots  on  the  name  badges  indicate 

a  particular  role 

in  the  Congress- 

I.U.P.A.B.  Council  Members  and 

Congress  Organising  Committee  Members 

Red 

Symposia  Chairmen  and  Speakers 

Green 

Congress  Exhibitors 

Yellow 

Acco.mpanying  Persons 

Blue 

Post  Office 

The  nearest  Post  Otfice  to  the  Congress  Centre  is  situated  on  the 
corner  of  Pnnce  Street  and  Redcliffe  Way,  near  the  Unicorn  Hotet. 


Refreshments  in  the  Congress  Centre 

Ground  Floor-  Lounge  Bar  and  Quayside  Bar 
The  following  opening  hours  will  be  in  operation  for  these  two  bars: 
SUNDAY  29  JULY  08.30  hours  - 1 9.00  hours 

MONDAY  through  THURSDAY  00.30  hours  -  21 .00  hours 

FRIDAY  03  AUGUST  08  30  hours  - 1 7.30  hours 

Delegates  can  relax,  either  inside  the  Congress  Centre  or  on  the 
Quayside,  and  enjoy  light  refreshments  including  tea,  coffee  and 
soft  dnnks.  During  licencing  hours,  at  times  to  be  advised,  a  full  bar 
service  will  be  in  operation 

A  fruit  and  ice  cream  stall  will  also  be  in  operation 

First  Floor -Restaurant  and  Bar 
An  informal  Restaurant  will  be  open: 

SUNDAY  through  FRIDAY  10.00  hours  - 17.30  hours 

serving  tea,  coffee  and  soft  drinks.  Beer  and  wine  by  the  glass  will 
also  be  available  within  licenced  hours,  which  have  yet  to 
be  advised 

Each  day  the  Restaurant  will  feature  a  range  of  light 
lunches,  senred  buffet  style,  between  12.00  and  14.30,  and  in  the 
afternoon,  during  Poster  Sessions,  speciality  afternoon  teas,  for 
example  strawbernes  and  cream  and  Devonshire  cream  leas,  will 
be  available  from  14.30. 

Please  note  that  waiter  service  will  not  bo  available  in  the 
Congress  Centre. 


Restaurants  and  Public  Houses 

The  leaflet  "Bristol  by  Night",  included  in  the  document  v/allet 
given  to  aach  delegate,  gives  the  addresses  of  a  wide  variety  of 
restaurants  and  public  houses  in  Bristol. 

The  majority  of  restaurants  in  Bristol  are  closed  on  Sunday 
evenings  Hence  residents  at  the  University  Halls  are  having  a 
Buffet  Dinner  at  20.30  on  Sunday  29  July  after  the  Welcoming 
Reception,  and  delegates  staying  in  hotels  are  advised  to  make 
arrangements  to  eat  in  their  hotels  on  this  night. 

The  “Public  House"  is  a  peculiarly  British  institution 
enabling  those  over  eighteen  years  of  age  to  purchase  and 
consume  alcoholic  beverage  on  the  premises  dunng  lunchtime 
and  in  the  evening.  Most  pubs  now  serve  food  during  lunchtime  In 
the  dawn  of  female  emancipation,  enterprising  publicans  stalled 
to  feature  in  their  establishments  a  Lounge  Bar  (the  “Smooth  ) 
where  ladies  were  permitted,  and  a  Public  Bar  (the  "Rough  j 
where  the  men  were  free  to  continue  telling  saucy  jokes,  play 
darts  and  engage  in  all  sorts  of  other  manly  endeavour.  As  we  all 
know,  ladies  are  equal,  so  if  during  the  Congress  you  come 
across  a  public  house  with  two  bars  remember  that  the  drinks  in 
the  public  bar  are  cheaper.  The  bye-laws  governing  opening 
hours  are  even  more  arcane,  but  can  be  summarised  reasonably 
accurately  as  follows: 

Lunchtime  Opening 

MONDAY  through  SATURDAY  10.30  hours  -  14  30  hours 
SUNDAY  1 2  00  hours  - 1 4.00  hours 

Evening  Opening 

MONDAY  througl)  FRIDAY  1 7.30  hours  -  22.30  hours 

FRIDAY  and  SATURDAY  1 7.30  hours  -  23.00  hours 

SUNDAY  19.00  hours -22.30  hours 

Since  there  are  numerous  variations  even  around  this  basic 
pattern,  as  you  can  imagine,  the  average  Briti  n  ,s  forced  to  rely  on 
some  subconscious  collective  folk  memory  in  order  'o  get  him  in 
and  out  of  pubs  at  approximately  the  right  time. 

Symposia  Venues 

The  venues  being  used  for  Symposia  and  Plenary  Lectures  are  all 
within  walking  distance  of  the  Congress  Centre.  The  picturesque 
route  being  along  the  quayside  to  the  Centre,  rather  than  along 
Canon’s  Road 

The  approximate  seating  capacities  of  th«  Symposia 
venues,  which  can  be  located  on  the  map  of  the  City  of  Bristol  on 
the  inside  front  cover  of  this  book,  are  as  foiiows 


Colston  Hall 

-Mam  Hall 

1800 

Council  House 

-  Conlemrice  Hall 

500 

Unicorn  Hotel 

-Trident  Suite 

300 

Watershed 

-Cinema  1 

200 

Taxis 

Despite  the  operation  of  Congress  coaches,  delegates  may 
require  taxi  services.  Tv/o  of  the  largest  taxi  operators,  who  offer  a 
24  hour  service,  are: 

Streamline  Black  and  While  Taxis  Limited 
Telephone;  Bristol  24C01 
ACE  Taxis  Limited 

Telephone:  Bristol  777477 

Taxis  are  limited  to  carrying  lour  passengers  each,  and  a  typical 
fare  lor  a  journey  from  the  Congress  Centre  to  the  University  Halls 
of  Residence  would  be  in  the  region  of  £2.50  to  £3.00  plus  a 
10% i.  tip  at  the  passengers  discretion.  Please  note  that 
publication  by  the  Congress  does  not  imply  recommendation. 
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Telephones 

There  are  two.  coin  operated,  public  telephones  situated  in  the 
foyer  of  the  Congress  Centre,  beside  the  mam  staircase.  To  call  a 
number  in  Bristol  dial  the  number  only.  To  call  a  number  outside 
Bristol  check  the  area  dialling  code. 

The  follov/ing  Congress  Secretariat  telephone  numbers  are 
available  lor  incoming  telephone  calls  only. 

SUNDAY  through  FRIDAY  09.00  hours- 17.30  hours 

Congress  Secrelariat  Information 
Telephone:  Bnstol  272208 
Social  Programme  Reservations 
Telephone:  Bristol  272207 

Please  note  that  these  numbers  are  subject  to  final  venfication 
upon  installation  24  hours  before  the  start  of  the  Congress.  In  the 
event  of  difficulty,  please  dial  tOO  and  ask  the  telephone  operator 
for  assistance. 

In  the  event  of  a  real  emergency,  the  "Fire",  "Police"  or 
Ambulance  service  may  be  summoned  by  dialling  the  numbers 
999  and  asking  the  telephone  operator  for  the  Emergency 
Service  required  No  money  is  needed  to  place  such  a  call. 
Delegates  are  however  cautioned  that  it  is  a  punishable  offence  to 
waste  the  time  of  these  emergency  services  and  that  these 
services  must  not  be  alerted  unless  there  is  a  very  serious  nsk 
of  injury  or  damage  occurring  to  persons  or  property  v/ilhout  such 
immediate  assistance 

9th  International  Biophysics  Congress  - 
Jerusalem -1987 

A  representative  of  the  Organising  Committee,  for  the 
9th  Congress  in  Jerusalem  in  1987,  vnll  be  available,  betv/een 
Monday  afternoon  30  July  and  Friday  03  August,  at  the  Congress 
Secretariat  desk  to  answer  questions  and  receive  suggestions 
from  delegates.  The  9th  Congress  will  be  receiving  a  Delegate 
Name  and  Address  List,  but  it  would  be  helpful  if  delegates  could 
indicate  to  the  representative  any  likely  change  of  address  and 
their  interest  in  attending  the  1987  Congress 


University  Halls  of  Residence 

The  Congress  Secretanat  will  maintain  offices  in  Hiatt  Baker  Hall 
and  Badock  Halt  throughout  SUNDAY  29  JULY  and  also 
08.00  hours- 10.00  hours  EVERY  MORNING 
from  16.30  hours  EVERY  AFTERNOON 
from  MONDAY  30  JULY  through  to  FRIDAY  03  AUGUST 
Delegates  are  asked  to  routinely  check  the  Congress  Secretariat 
Noticeboards  in  the  Halls  of  Residence  for  any  announcements. 

Full  English  Breakfast  will  be  served  every  morning 
between  07.45  hours  and  08  30  hours  and  dinner  will  be  served  to 
residents  on  Saturday  28  July,  Sunday  29  July  and  Friday 
03  August.  Catering  at  other  times  will  not  be  available 

Tea  and  coffee  making  facilities  are  available  and  Liceiaced 
Bars  will  be  open  in  both  Badock  Hall  and  Hiatt  Baker  Hall  until 
23.00  hours  every  evening. 

Delegates  are  e.icouraged  to  board  the  Congress  coaches 
for  the  journey  to  the  Congress  Centre  as  soon  as  possible  after 
the  coaching  operation  starts  at  08. 1 5  hours  every  morning  This 
will  enable  all  residents  to  arrive  in  time  for  the  start  of  the  morning 
Symposia  If  a  large  number  of  residents  choose  to  del-ry  their 
departure  from  the  University  Halls  until  closer  to  09.00  hours,  it  is 
highly  likely  that  many  of  these  delegates  v;ill  miss  the  start  of  the 
morning  sessions. 

The  Congress  Secretanat  staff  at  the  University  Halls  can 
be  contacted  during  the  above  office  hours  on  the  following 
telephone  numbers: 

Hiatt  Baker  Hall 

Telephone-  Bristol  681432 
Badock  Hall 

Telephone:  Bnstol  681459 


Congress  Social  Programme 


Participation  on  all  Congress  Social  Programme  activities  is  by 
ticket  onl-  -  since  places  on  all  activities  are  finite.  Tickets  and 
further  information  on  prices,  where  applicable,  may  be  obtained 
from  the  Social  ProgrammeReservationsdesk,  staffed  by  the 
Congress  Secretariat,  on  the  ground  floor  of  the  Congress 
Centre.  Telephone  enquires  can  be  made  on  the  local  Bristol 
telephone  number  272207  during  office  hours  09.00  - 17.30. 

By  Invitation 

Bristol  University  Welcoming  Receptions 

A01 


The  Chancellor  of  Bristol  University,  Professor  Dorothy 
Hodgkin,  has  kindly  invited  delegates  and  accompanying 
persons  to  Welcoming  Receptions  at  Bristol  University  on 
Sunday  29  July  at  19  00,  after  the  Plenary  Leoture/Onentation 
Session  in  the  Colston  Hall. 

In  the  Orangery  at  Goldney  Hall  for  Residents  staying  at 
the  University  Halls  and  in  the  Linden  Hotel. 

Congress  coaches  will  be  available  outside  the  Coistoi,  Halt 
from  1830  for  the  journey  to  Goldney  Hall,  and  will  then  be 
available  to  drive  participants  to  the  University  Hall  of 
Residence  in  time  for  dinner,  which  will  be  available  lor 
residents  between  2030  and  21.30,  and  to  the  Linden  Hotel. 

'.I  the  Great  Hall  of  the  Wills  Memorial  Building  for 
all  other  delegates  and  accompanying  persons. 

It  is  a  short  walk  to  College  Green  and  then  up  Park 
Street  to  the  Will  Memorial  Building,  at  the  junction  of  Park 
Row  and  Park  Street,  and  guides  will  be  on  hand  to  help  with 
directions.  No  coach  transport  will  be  provided  alter  the 
reception  and  participants  will  be  free  to  make  their  own 
arrangements  for  dinner. 


City  of  Bristol  Civic  Reception 

F07 

The  Right  Honourable  The  Lord  Mayor  of  Bristol.  Councillor 
Claude  Draper,  has  kindly  invited  delegates  and  accompanying 
persons  to  a  Civic  Reception  on  Friday  03  August.  This  farewell 
gathering  for  the  Congress  will  be  held  in  the  house  and  grounds 
of  the  Ashton  Court  Mansion  in  the  late  evening  from  21.00 

Congress  coaches  will  be  available  from  2030  to  collect 
participants,  atter  they  have  had  dinner,  from  their  hotels  and 
University  Halls,  and  will  then  be  available  to  return  them  at 
the  end  of  the  evening. 

(Dinner  will  be  available  for  residents  at  University  Halls 
between  19.00  and  20.00  on  this  evening). 

Official  Congress  Dinner _ 

EOS  E09 

The  OFFICIAL  CONGRESS  DINNER  will  be  held  at  The  Grand 
Hotel  on  Thursday  02  August  The  3-course  menu  EOS  will 
include  Baron  of  ^ef  piped  in  by  a  Scottish  piper.  An  alternative 
vegetarian  menu  E09  will  be  available  for  those  who  have 
Indicated  this  preference  Wine  will  be  served  with  the  meal. 

Dress  is  informal,  but  gentlemen  are  asked  to  wear 
Jackets  and  ties.  Everyone  is  asked  to  assemble  in  Ballroom 
and  Duchess  Suite  at  1 9.30  for  dinner  at  20.00  In  the  Wessex 
Suite. 


A  Cash  Bar  will  be  available  for  pre  and  after-dinner  drinks, 
and  similarly  liquers  may  be  ordered  when  the  coffee  is  served. 

Congress  coaches  will  be  available  from  19.00  to  coPect 
participants  from  their  hotels  and  University  Halls,  and  will 
then  be  available  to  return  them  at  the  end  of  the  evening. 


Accompanying  Persons 

An  Orientation  Session  for  accompanying  persons  will  take 
place  on  Sunday  29  July  at  1 7.45  in  the  Little  Theatre  in  the 
Colston  Hall  after  the  Opening  Ceremony.  This  short 
presentation  "Make  the  most  of  your  stay  with  us  -  An 
Introduction  to  Bristol"  has  been  specially  designed  by  the 
City  of  Bristol  Publicity  and  Information  Office  and  the  Corps 
of  Guides  in  order  to  familiarise  accompanying  persons  with 
the  wide  vanety  ot  things  to  do  and  places  to  see  in  and 
around  Bristol. 

Two  special  activities  have  been  arranged  lor  the  enjoy¬ 
ment  and  interest  of  accompanying  persons.  These  activities 
which  take  place  every  day,  are  informal  and  designed  to  give 
accompanying  persons  the  opportunity  to  meet  in  a  relaxed 
atmosphere.  Both  the  Bristol  Heritage  Walks  and  the  Bristol 
Waterfront  Cruises  commence  from  and  return  to  the  Congress 
Centre. 

Bristol  Heritage  Walk 

B01  BOS  C01  cos  DC1  E01  EOS  F01 

These  walks  will  enable  participants  to  see  a  little  of  Bristol's 
particular  charm,  which  lies  In  the  variety  of  its  architecture 
spanning  1,000  years.  The  morning  walks  last  approximately  1  'h 
hours.  These  walks  include  views  of  St.  Mary  Redcliffe  (said  by 
Elizabeth  I  to  be  ‘the  fairest  church  in  all  her  realm'),  the  famous 
Nails  and  the  picturesque  Christmas  Steps  The  afternoon 
walks  take  about  i'h  hours,  and  also  include  walking  out  of  the 
city  centre  to  the  Cabot  Tower  from  where  there  are  magnificent 
views  over  the  city. 

Bristol  Waterfront  Cruise 

B02  C02  D02  E02  F02 

Cruise  aboard  a  traditional  riverboat  around  the  waterfront  from 
which  John  Cabot  set  sail  m  1 497  to  discover  the  continent  of 
America.  Bristol's  subsequent  prosperity  depended  on  the  ships 
and  men  who  traded  lor  cod  in  Newfoundland,  sherry  in 
Portugal,  slaves  in  West  Africa,  and  rum  and  molasses  in  the 
Caribbean.  The  cruise  views  the  city  from  this  perspective, 
then  mcors  at  the  National  Lifeboat  Museum  and  the 
Industnal  Museum,  before  continuing  on  to  visit  the  S  S.  Great 
Britain. 


The  Social  Programme  activities  are  coded  alpha- 
numerically,  for  ease  of  reference,  since  this  follows  the  style 
and  format  used  in  the  Congress  second  circular.  The 
(ingress  Social  Programme  Diary  on  page  13  uses  these 
codes  to  highlight  individual  transport  arrangements. 


Daytime  and  Evening  Activities _ 

A  wide  vanety  of  social  activities  has  been  arranged  for 
delegates  and  accompanying  persons  which  includes  visits  to 
magnificent  castles  and  stately  homes,  drives  through  beautiful 
countryside  and  charming  villages,  visits  to  the  theatre  and  a 
concert,  and  dining  out  in  memorable  surroundings. 

The  details  of  the  tours  are  shown  below  in  alphabetical 
order  and  in  the  Congress  Social  Prograrvime  Diary.  All  activities 
(xjmmence  from  the  Congress  Centre  and  participants  are 
returned  by  free  coach  service,  unless  othenvise  stated,  to  their 
hotel.  University  Hall  of  Residence  or  the  Congress  Centre  as 
they  desire.  Guide  books  and  entrance  fees  where  applicable, 
are  included  in  the  charge  for  each  activity.  These  activities  are 
fully  escorted  and  include  local  guides  where  appropriate 

Bath  and  the  Theatre  Royal  in  Bath  •  “H.M.S. 
Pinafore’’  -  New  Sadler's  Wells  Opera 
B04  CIO  D06  D07  Dll  E03 

Bath,  one  of  the  loveliest  cities  in  Britain,  grew  up  around  the 
hot  spring  baths  built  by  the  Romans.  The  mineral  waters 
proved  so  popular,  that  by  the  1 8th  Century,  Bath  had  become 
the  most  fashionable  inland  resort  to  which  all  ‘society’  flocked 
led  by  the  flamboyant  Beau  Nash.  During  this  time,  the  elegant 
parks,  crescents  and  Georgian  houses,  which  give  Bath  its 
charming  character,  were  built.  Pulteney  Bndge,  lined  with 
shops,  IS  a  particularly  fine  piece  of  architecture.  Bath  Abbey, 
which  dates  from  1499  is  a  most  impressive  building. 

The  two  half-day  tours  D06  and  E03  will  visit  the 
major  attractions  of  Bath,  by  coach  and  on  foot.  The  full  day  tour 
B04  includes  visits  to  the  main  attractions  plus  the  Costume 
Museum  and  Bath  Carriage  Museum,  and  will  give  participants 
a  chance  to  wander  round  this  delightiul  city  and  do  some 
souvenir  hunting. 

Built  in  180S,  the  Theatre  Royal  in  Bath  is  one  oi 
Bntains  oldest  and  most  beautiiul  theatres.  This  is  an 
opportunity  to  enjoy  a  performance  of  Gilbert  and  Sullivan's 
comic  opera,  with  NIckolas  Grace  starnng  as  Sir  Joseph 
Porter,  the  insufferable  Lord  of  Admiralty.  So  join  Little 
Buttercup  and  the  Jolly  Jack  Tars  to  give  three  cheers  and 
one  cheer  more,  for  the  captain  of  “HMS  Pinafore."  Theatre 
tickets  and  a  cold  buffet  are  included  in  the  cost  of  tours  CIO, 
DOT  and  D1 1 . 


Bit  Pit  (Biaenavon)  and  Cardiff  Castie  Banquet 

D09 

The  Big  Pit  in  Biaenavon  was  a  South  Wafes  coal  mine  for 
over  one  hundred  years.  Its  life  as  a  working  pit  ceased  In  1 980, 
and  now  it  is  a  monument  to  the  generations  of  Welsh  miners 
who  have  spent  their  lives  hewing  coal  from  its  seams.  Visitors, 
equipped  with  safety  helmets  and  cap  lamps,  can  descend  to 
the  bottom  of  the  300  ft  shaft  -  an  unforgettable  eirperience  and 
an  insight  into  the  psychology  of  these  proud  "valley”  people.  (It 
IS  recommended  that  stout  shoes  and  warm  clothing  are  worn 
for  this  tour.)  Then  on  to  Cardiff,  a  major  sea  port  and  the  capital 
of  the  Principality  of  Wales.  Dine  m  mediaeval  splendour  in  the 
Banquet  Hall  at  Cardiff  Castle,  onginally  the  site  of  a  Roman 
fort  and  then  a  Norman  castle.  Guests  are  sen/ed  traditional 
Welsh  food,  with  red  wine  and  mead  (fermented  honey)  included 
in  the  price,  and  serenaded  by  a  harpist  and  Welsh  foik  singers. 

Bowood 

EOT 

An  af  terro  >t.  excursion  to  Bowood,  the  home  of  the  Earl  ol 
Sherborna.  The  building  is  an  outstanding  example  ol  1 8th 


Century  architecture.  Over  half  the  house  is  open  to  the  public 
including  Robert  Adam’s  famous  library  and  the  laboratory  in 
which  Dr.  Joseph  Priestley  discovered  oxygen  gas  in  1 T74.  The 
park,  laid  out  to  the  plans  of  'Capability'  Brown  is  one  of  the 
finest  examples  of  the  English  style  of  landscape  gardening 

Brecon  Beacons  and  Cardiff  Castle  Banquet 

D03 

This  IS  an  ideal  opportunity  in  the  middle  of  the  week  to  spend 
the  day  in  the  clear  mount<.in  air  of  South  Wales.  Stopping  first 
at  ruined  Tintern  Abbey,  immortalised  by  Wordsworth,  and  then 
on  to  the  historic  market  town  of  Monmouth  on  the  Rivers  Wye 
and  Monnow,  before  entering  the  Brecon  Beacons  National 
Park,  a  magnificent  area  of  hill  country,  1 000  feet  above  sea 
level,  then  descending  the  evocative  Taff  and  Rhondda 
Valleys  to  Cardiff,  the  capital  of  the  Principality  of  Wales 
(Remember  to  bang  stout  walking  shoes.)  Lunch  is  included  at 
an  inn  in  Monmouth  and  dii.nerwill  be  a  mediaeval  banquet  at 
Cardiff  Castle  ■  please  see  D09  for  further  details. 


Bristol  City  Sightseeing  Tour 

B03  C03 

Two  opportunities  for  participants  to  enjoy  a  morning's  coach 
lour  around  Bristol,  orientating  themselves  with  the  Cit/s 
landmarks  and  learning  more  about  its  history.  Participants  will 
visit  the  famous  Victorian  Brunei's  Suspension  Bridge  and  his 
ironship,  the  S.S.  Great  Britain,  the  'Village”  of  Clifton  and  the 
Downs 


Butterfli'?'’  at  Compton  House  &  Sherborne 

Castle 

C05 

In  the  setting  of  Compton  House  and  Its  grounds,  participants 
see  some  of  the  world's  most  beautiful  butterflies  and  moths, 
alive  and  flying  in  exotic  surroundings  of  jungle  plants. 
Lullingstone  Silk  Farm  Is  another  part  of  the  attractions  at 
Compton  House.  Lullingstone  English  silk  has  been  supplied  to 
the  Royal  Family  for  two  coronations  and  many  other  Royal 
occasions. 

Built  for  Sir  Walter  Raleigh  in  1 594,  and  the  home  ol  the 
Oigby  family  since  1 61 7.  Sherborne  Castie  is  a  fascinating 
historic  house  with  line  furniture,  paintings  and  porcelain.  The 
castle  is  set  in  a  natural  amphitheatre  of  wooded  hills.  In  the 
parkland  is  a  large  ornamental  lake,  a  home  lor  many  varieties  of 
waterfowl.  This  delightful  full  day  tour  includes  lunch. 


Caldicot  Castle  Banquet 

B08  COS 

Monday  30  July  BOS  and  Tuesday  31  July  COS  are  the 
occasions  to  enjoy  a  traditional  mediaeval  banquet  and  be 
entertained  by  the  "Hign  Steward  of  the  Court  ol  Caldicot”  and 
his  minstrels.  The  lour  course  banquet,  served  by  “wenches"  m 
mediaeval  costume,  includes  Welsh  broth,  spare  ribs  of  lamb, 
roast  chicken  basted  in  wine  and  honey  and  “creamed  lover's 
well”  and  jugs  oi  wine  and  Lindislarne  mead.  Caldicot  is  a  lovely 
old  castle  on  the  Welsh  borders  only  half  an  hour's  dnve  from 
Bristol 

Chewton  Cheese  Dairy 

E05 

At  Pnory  Farm,  Chewton  Mendip,  traditional  cheese  making  can 
be  seen  every  morning.  Over  the  centuries  commercial  methods 


of  producing  Cheddar  have  changed  beyond  recognition;  but 
fchewton  Cheddar  is  still  made  in  the  old  way  that  first  made 
Cheddar  i-heese  'amous.  The  milk  comes  every  morning  from 
the  dairy’s  own  cows  and  is  carefully  made  by  hand  into 
cylindrical  cheeses.  A  traditional  ‘Ploughman’s’  lunch  at  Pnory 
Farm  is  included  on  this  four  hour  tour. 

Classical  Music  Recital 

Cl  2 

An  opportunity  to  listen  to  a  fortepiano  and  violin  recital  in  the 
splendid  Great  Hall  of  the  Wills  Memorial  Building  in  the  early 
evening  on  Tuesday  31  July. 

Kenneth  Mobbs  and  John  Holloway  will  perform  a 
selection  of  pieces  including  sonatas  by  Bach,  Beethoven  and 
Mozart.  You  are  asked  to  be  seated  in  the  Great  Hall  by  19.00 
hours  at  the  latest.  The  Congress  will  not  be  providing  coach 
transport  either  before  or  after  the  Recital 


Corsham  Court 

C07 

A  pleasant  afternoon’s  visit  to  Corsham  Court  which  was 
originallya  Royal  Manor  in  the  days  of  the  Saxon  Kings.  It  was 
bought  by  the  Metheun  family  in  1 745  and  has  been  the  subiect 
of  architectural  alterations  by  Nash  and  Bellamy.  The  spacious 
gardens,  with  many  fine  specimens,  were  laid  out  by  ’Capability’ 
Brown.  The  House  is  now  also  the  home  of  the  Bath  Academy  of 


Chequer’s  Inn  Cruise 

C09D12 

Take  a  romantic  evening  cruise  up  the  River  Avon  on  either 
TuesdaySI  JulyCOSorWednesdayOl  August  D12-leavethe 
city  behind  and  moor  at  a  delightful  riverside  pub  ■  The 
Chequer’s  Inn  at  Hanham.  Enioys  a  delicious  3  course  dinner, 
including  a  glass  of  wine,  at  the  Chequer’s  Inn  before 
returning  to  Bristol  by  coach. 

Harvey’s  Wine  Museum 

B09C11  D13 

The  Museum  the  birthplace  of  Harvey’s  famous  Bristol  Cream 
Sherry  •  is  the  only  one  of  its  kind  in  Great  Britain,  It  tells  the 
story  of  how  wines  are  made  and  displays  the  articles  used  in 
iheir  production,  serving  and  drinking  ■  throughout  it  reflects 
Harvey’s  line  traditions  and  reputation.  Of  these  three  evening 
sherry  tasting  visits,  B09  on  Monday  30  July  visits  the  Wine 
Museum  only,  while  Cl  1  and  01 3  on  Tuesday  31  July  and 
Wednesday  01  August  also  include  a  3  course  dinner  at 
Harvey’s  fashionable  restaurant. 


Lacock  and  Bradford-on-Avon 

F06 

Lacock  Abbey  was  founded  in  1232,.  ■'d  much  of  its  13th  and 
1 5th  Century  architecture  has  survived.  The  Abbey  was 
converted  into  a  Tudor  dwelling  house  by  Sir  William 
Sharington.  Since  1 944,  the  National  Trust  has  owned  most  of 
the  village  of  Lacock,  including  old  weavers'  houses,  an  inn  and 
a  pack  hoise  bridge.  This  delightful  afternoon  tour  returns  to 
Bristol  via  the  attractive  town  of  Bradlord-on-Avon  where  the 
Church  of  St.  Lawrence,  one  of  the  finest  Saxon  churches  m 
England,  is  located. 


Longleat 

E04 

The  full  day  tour  to  Longleat  vrill  give  participants  the  chance  to 
visit  this  remarkable  showpiece,  v/ith  extensive  parkland  and 
transformed  into  a  Safari  Park  where  lions,  tigers,  wolves, 
giraffes,  zebras  and  other  animals  roam  at  will.  The  fine 
Elizabethan  mansion  of  Longleat  is  the  seat  of  the  Marquis  of 
Bath.  The  house  has  great  mullioned  windows,  classic  pillars, 
turrets  and  balustrades  The  state  rooms  contain  beautiful 
furniture,  tapestries,  fine  pictures,  costumes  and  superb 
libraries. 

The  tour  will  include  a  morning  coach  drive  through  the 
Safari  Park,  a  buffet  lunch  and  a  guided  tour  of  the  house  in  the 
afternoon. 

“PubCra’wl”  Cruise 

B07 

A  "pub  crawl"  is  a  relaxed  British  pastime,  which  is  best  treated 
as  a  non-competitive  sport.  Originally  a  purely  male  affair, 
nowadays  both  se.ies,  provided  they  are  over  the  age  of  1 8 
years,  are  welcome  to  participate  Participants  imbibe  one  glass 
of  ale.  or  other  alcoholic  beverage  of  their  choice,  at  every 
“public  house"  they  encounter  during  the  course  of  the  evening. 
The  term  "legless”  invariably  describes  how  participants  feel  at 
the  end  of  the  evening  and  hence  the  title  "pub  crawl" 

To  add  a  novel  twist  to  the  game,  participants  will  voyage 
on  a  river  boat  betwe,'*'-,  public  houses  and  at  the  end  of  the 
evening  coaches  will  carry  the  bodies  back  to  their  hotels  and 
University  Halls 

IMPORTANT  -  The  alcoholic  beverages  are  not  included  in  the 
price 

Slimbridge  &  the  Cotswolds 

C04 

Slimbridge,  founded  by  Sir  Peter  Scott,  has  the  largest  and  the 
most  varied  collection  of  wildfowl  in  the  world:  over  2,500  birds  of 
some  180  diiferent  species.  At  the  Slimbridge  Centre  there  are 
displays  showing  the  extensive  and  varied  work  of  the  Wildfowl 
Trust. The  tour  returns  to  Bristol  through  the  lovely  hills  and  pretty 
villages  of  the  Cotsv/olds. 

SS  Great  Britain 

DOS 

This  afternoon  boat  trio  around  Bristol  Docks  includes  a  visit  to 
Brunei’s  SS  Great  Britain,  launched  in  1843.  It  was  the  first 
ocean-going  propeller-driven  ship.  Near  the  SS  Great  Britain, 
the  Bristol  Industrial  Museum  is  located.  The  museum  houses 
exhibits  illustrating  Bristol’s  history  in  transport,  including  a 
unique  steam  carriage  of  1897.  The  museuin  is  linked  to  the  SS 
Great  Britain  by  a  short  railway  line. 

Warwick  Castle  &  Royal  Shakespeare  Theatre  • 
"Richard  III” 

D04  DIO 


Warwick  Castle  is  reputed  to  be  the  finest  mediaeval  castle  in 
England.  Surrounded  by  gracious  parkland,  the  castle  occupies 
a  perfect  setting  on  the  banks  of  the  River  Avon.  Within  its 
massive  walls  and  battlements  there  are  magnificent  state 
rooms  and  collections  of  armour,  pictures  and  furniture. 


Stratford-on-Avon  has  many  Shakespearean 
asStfSiations,  including  the  birthplace  of  the  playwright,  New 
Place,  the  site  of  his  last  home,  and  Holy  Trinity  Church  where 
he  is  buried. 

The  full  day  tour  D04  includes  a  visit  en  route  to  6ourton-on 
-the-Water  and  lunch  at  Warwick  Castle.  The  afternoon  tour  D1 0 
joins  DC4  for  a  performance  of  “Richard  III”  at  the  Royat 
Shakespeare  Theatre,  with  dinner  afterwards  at  the  Box  Tree 
restaurant. 

This  controversial  history  play,  which  ends  with  the 
Lancastrian  victory  over  King  Richard  at  Bosworth  field, 
opened  this  summer  to  high  critical  acclaim  for  Antony  Sher's 
brilliant  interpretation  of  the  mind  within  the  deformed  body  of 
a  king,  whom  Shakespeare  implicates  m  the  murder  of  the 
young  Princes  in  the  Tov/er. 

Theatre  tickets  are  included  in  the  price  of  both  tours. 


Wells,  Glastonbury  &  Sheppy’s  Cider  Farm 

D08F03 

Wells  Cathedral  is  one  of  the  most  beautiful  in  England.  The 
west  front  of  the  Cathedral  carries  237  mediaeval  groups  of 
sculpture  extending  across  the  whole  facade.  No  other  building 
in  Europe  can  provide  such  an  array  of  sculptured  figures. 


Glastonbury  Abbey  is  the  oldest  religious  foundation  in 
the  Bntish  Isles.  Its  origin  and  date  are  unknown.  It  is  believed  to 
have  been  visited  by  St.  Patrick  in  the  5th  Century.  Myth  and 
legend  are  part  of  the  history  of  Glastonbury;  the  stories  of 
Joseph  of  Arimalhea  and  King  Arthur  have  strong  connections 
with  the  Abbey. 

Sheppy’s  Farm  at  Bradford-on-Tone  is  one  of  the  fev/ 
remaining  centres  of  traditional  cider  making.  The  tour  round 
Shepp/s  includes  a  visit  to  the  apple  orchards  by  tractor  and 
trailer  and  a  look  round  the  cellars,  press  room  and  the  “Farm 
and  Cider  Museum”. 

The  morning  tour  F03  visits  Wells  and  Glastonbury,  while 
the  afternoon  tour  DOS  includes  Wells,  Glastonbury  and 
Sheppy's  Cider  Farm  and  finishes  off  with  dinner  in  Taunton, 
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Congress  Scientific  Programme 


Introduction 

The  Scientific  Programme  comprises  four  Plenary  Lectures, 
twenty-eight  Symposia  with  invited  Speakers  and  Oral 
Presentations  selected  from  Poster  Contributions,  and  Poster 
Sessions,  The  Scientific  Programme  takes  place  over  a  period  of 
six  days  commencing  on  Sunday  29  July  and  finishing  on  Friday 
03  August.  Each  day's  Scientific  Contributions  are  published  in 
the  follo/ving  pages,  where  different  coloured  paper  has  been 
used  to  emphasise  the  different  days  of  the  week. 

Congress  Scientific  Secretariat 

The  Congress  Scientific  Secretariat  is  open  every  day  of  the 
Congress  between  09  00  hours  and  17.30  hours  and  is  situated 
on  the  first  floor  of  the  Congress  Centre.  Its  location  is  shown  on 
the  floor  plan  at  the  back  of  this  book 

Assistance  to  Speakers 

Technicians  will  be  on  hand  in  the  Symposia  venues,  30  minutes 
before  the  start  of  each  Symposium  and  Plenary  Lecture,  and  also 
during  the  mid-point  breaks  for  tea  and  coffee,  to  give  advice  and 
assistance  as  Speakers  familiarise  themselves  with  the  audio 
visual  equipment  available 

Speakers,  who  intend  using  35  mm  slide  projection  to 
illustrate  their  talk,  are  invited  to  collect  a  carousel  from  the 
Congress  Scientific  Secretariat  24  hours  before  their  talk,  so  that 
they  can  load  their  slides  at  leisure.  These  carousels  should  be 
returned  empty  to  the  Technician  at  the  end  of  the  Symposiurr.  or 
Plenary  Lecture.  (Please  note  that  the  technicians  wiil  not  be 
available  to  assist  Speakers  load  their  slides  into  the  carousels). 

Tea  and  Coffee  Vouchers 

A  voucher  system  will  be  introduced  for  the  payment  of  tea  and 
coffee  in  the  Symposia  venues,  dunng  the  mid-point  breaks 
announced  by  Symposia  Chairmen. 

These  tea  and  coffee  vouchers  should  be  purchased,  in 
advance,  from  the  Congress  Secretariat  Information  desk  on  the 
ground  floor  of  the  Congress  Centre,  and  should  be  handed  over 
to  the  catenng  staff  in  the  Symposia  venues  in  exchange  for  a  cup 
of  tea  or  coffee.  These  vouchers  must  be  purchased  in  advance 
since  the  caterers  cannot  accept  cash. 


Posters  Sessions 

“When  is  my  Poster  Session” 

Contributions,  including  those  selected  for  oral  presentation,  will 
be  presented  in  the  form  of  a  poster  at  the  Poster  Sessions,  which 
will  cover  the  same  twenty-eight  topics  as  the  Symposia 
Contributions,  whch  are  not  amenable  to  such  categorisation,  will 
be  presented  at  a  special  Poster  Session  “Category  29 : 

General"  The  dillerent  topics  which  will  be  covered  on  each  of  the 
four  Poster  Session  days,  between  09.00  hours  and  17.15  hours, 
are  shown  on  the  timetables  for  Monday.  Tuesday.  Thursday  and 
Friday. 

“Where  is  my  Poster  Board” 

An  A  -  Z  Index  of  Authors  has  been  provided,  at  the  back  of  this 
book,  to  enable  presenting  authors  to  locate  the  psge  number  on 
which  their  abstract  appears. 

Each  page  then  shovrs  the  day  on  which  a  Poster  Session 
on  a  particular  topic  category  takes  place  and  also,  top  left  corner 
above  each  abstract,  the  poster  board  number  which  has  been 
allocated  to  each  contribution  on  that  day. 

If  your  abstract  has  not  been  published,  you  should  ask  the 
Congress  Scientific  Secretanat  to  allocate  a  poster  board  to  you. 


rou  will,  if  possible,  be  allocated  a  poster  board  within  the  section 
reserved  for  Published  Abstracts  on  your  topic  category,  and  you 
will  be  given  a  "Late  Entry  ’  sign  to  emphasise  to  other  delegates 
that  they  will  not  have  had  the  opportunity  to  read  your  abstract  in 
the  Book  of  Abstracts, 

There  are  tv/o  hundred  and  eighty-two  poster  boards, 
numbered  001  -  282,  on  the  first  floor  of  the  Congress  Centre 
Their  location  is  shown  on  the  floor  plan  at  the  back  of  this  book 

“How  do  I  present  my  Poster” 

Each  poster  board  is  1 25  cm  (4  ft)  wide  and  75  cm  (2  ft  6  in)  deep, 
with  Its  number  in  the  lop  left  hand  corner  The  Congress 
Scientific  Secretariat  will  provide  presenting  authors  with  drawing 
pins  to  put  up  their  posters. 

Each  poster  must  be  labe'led  at  the  top  with  the  abstract 
title,  the  names  of  the  presenting  author  and  any  co-authors,  and 
the  address  of  the  Institution  where  the  research  was  carried  out. 

The  lettering  for  this  section  should  be  at  least  2.5  cm  high.  A  copy 
of  the  abstract  should  be  attached  to  the  top  left  hand  comer. 

Typed  material  should  be  in  a  large  type  face,  hand  lettering 
should  bo  at  least  1  cm  high,  while  charts  and  illustrations  should 
be  simply  but  boldly  drawn. 

Presenting  authors  are  asked  to  observe  the  follovring  time 
schedule  for  Poster  Sessions' 

09.00-09,30 

Presenting  authors  should  set  up  their  posters  before  the 
start  of  the  morning's  Symposia 
09.30-14.00 

Delegates  are  welcome  to  examine  the  posters  at  their 
leisure 
14  00-17  00 

Presenting  authors  should  attend  their  posters  throughout 
the  afternoon  discussion  period 
17.00-1715 

Presenting  authors  must  take  down  their  posters 
(Please  note  that  the  Congress  Scientific  Secretariat  cannot 
be  responsible  for,  or  be  expected  to  store,  poster  material). 

Oral  Presentations 

Speakers,  whose  poster  contributions  have  been  chosen  for  Oral 
Presentation  at  the  relevant  Symposium,  are  shown  by  name  and 
poster  no.  on  each  day's  timetable.  The  headline  "Oral 
Presentation”  is  used  in  this  book  and  on  poster  boards  during 
Poster  Sessions  to  highlight  their  contributions 
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Sunday  29  July 


Registration _ 

Congress  Centre 
09.00-16.00 

The  Congress  Secretariat,  situated  on  the  Ground  Floor  of  the 
Congress  Centre,  will  be  open  until  16.00  hours  for 
delegates  to  register  in  person  and  collect  a  copy  of  the  Final 
Programme  and  Book  of  Abstracts,  their  name  badge  and 
tickets  for  the  Soc’al  Programme. 

Delegates  and  accompanying  persons  should  be  seated  in  the 
Colston  Hall  (Main  Hall),  either  in  the  “Stalls”  on  the  Ground 
Floor  or  in  the  "Balcon/  on  the  First  Floor,  by  1 6  55  hours  in 
time  for  the  start  of  the  Opening  Ceremony. 


Orientation  Session _ 

Colston  Hall  -  Little  Theatre 

17.45  -  18.30  Accompanying  Persons  only 

“Make  the  most  of  your  stay  with  us  -  An  Introduction  to 
Bristol" 

A  presentation  by  the  City  of  Bristol  Publicity  and  Information 
Office  and  the  Corps  of  Guides. 

Delegates  and  accompanying  persons  will  be  able  to  meet  up 
in  the  foyer  of  the  Colston  Hall,  when  the  Plenary  Lecture  and 
Orientation  Session  finish. 


Opening  Ceremony 

Colston  Hall  -  Main  Hall 
17.00-17.30 

Welcome  Address  by 

The  Right  Honourable  the  Loid  Mayor  of  Bristo', 
Councillor  Claude  Draper 

Response  by  Professor  R.D.  Keynes  F.R.S. 

The  President  of  the  Internetional  Union  for  Pure  and 
Applied  Biophysics 

Opening  Address  by  the  Guest  of  Honour 

The  Chancellor  of  Bristol  University,  Professor  Dorothy 

Hodgkin  O.M.,  F.R.S. 

In  attendance,  the  trumpeters  and  footmen  of  the  City  of 
Bristol. 


Intermission 

17.30-17.45 

Accompanying  persons  move  to  the  Little  Theatre  on  the 
Ground  Floor  of  the  Colston  Hail. 

Plenary  Lecture 

Col.ston  Hall  -  Main  Hall 
1 7.45  -  1 8.30  Delegates  only 

“Ion  Viansport  through  Single  Membrane  Pores  in 
Bio’rgical  Membranes” 

8.  Sakmann  (Gottingen) 

The  British  Biophysical  Society  Lecture 


Bristol  University  Welcoming  Receptions 

The  Chancellor  of  Bristol  University  has  kindly  invited 
delegates  and  accompanying  persons  to  Welcoming 
Receptions. 

Goldney  Hall  -  Bristol  University 
19.00-20.00 

Those  staying  at  the  University  Halls  and  the  Linden  Hotel 
should  board  the  Congress  coaches  which  will  be  parked 
outside  the  Colston  Hall  for  the  short  drive  to  Goldney  Hall, 
where  their  reception  in  the  attractive  surroundings  of  the 
Orangery  is  to  be  held. 

Congress  coaches  will  be  available  after  the  receptic,.  at 
Goldney  Hall  to  take  delegates  and  accompanying  persons  to 
the  University  Halls  of  Residence  in  time  lor  their  buffet  dinner 
which  will  be  available  between  2030  and  21.30  for  residents 

Wills  Memorial  Building  -  Bristol  University 
19.00-20.00 

All  other  delegates  and  accompanying  persons  are  invited  to 
attend  their  reception  in  the  Great  Hall  of  the  University.  This 
IS  a  short  walk  to  College  Green  and  up  Park  Street  to  the 
Wills  Memorial  Building,  one  of  the  city's  landmarks  at  the 
junction  ol  Park  Row  and  Park  Street  Guides  wiil  be  on  hand 
to  help  direct  you. 

Delegates  and  accompanying  persons,  who  are  staying  in 
hotels,  are  advised  to  make  arrangements  to  eat  in  their 
hotels,  since  many  ol  the  city's  restaurants  are  closed  on 
Sunday  nights. 
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Sunday  29  July 


Colston  Hall  -  Main  Hall 


17.45-18.30 


Plenary  Lecture  by  B.  Sakmann  (The  British  Biophysical  Society  Lecture) 

ION  TRANSPORT  THROUGH  SINGLE  MEMBRANE  PORES  IN  BIOLOGICAL  MEMBRANES 
B>  Sakmann,  Abt.  Neurobiologie ,  Max-PLanck-Institut  fiir  biophysika- 
lische  Chemie,  Am  FaCberg,  D-3400  Gottingen,  F.R.G. 

Transmitter  and  voltage  activated  membrane  currents  observed  in 
biological  membranes  are  composed  of  many  'elementary'  current  con¬ 
tributions  each  of  a  few  Picoamperes  (10“^^  A)  in  size  which  re¬ 
flects  the  opening  and  closing  of  a  single  transmembrane  channel  or 
pore.  Such  elementary  currents  can  be  measured  directly  by  re¬ 
stricting  the  current  measurement  to  a  small  area  (5-10  (im^  )  of 
membrane.  The  membrane  patch  is  electrically  and  mechanically  iso¬ 
lated  from  the  rest  of  the  cell  membrane.  It  spans  the  tip  of  a 
glass-pipette;  ion  composition  on  both  faces  of  the  membrane  and 
the  voltage  across  the  membrane  patch  can  be  changed  at  will. 

So  far  all  channels  examined  by  this  method  activated  either  by 
a  ligand  or  by  membrane  voltage  exhibit  steplike  elementary 
currents.  They  reflect  the  opening  and  closing  of  a  single  ion 
channel.  Two  classes  of  questions  can  be  examined  with  single 
channel  recording.  One  is  related  to  the  mechanism  of  ion  transport 
through  the  open  channel.  The  current  step  amplitude  is  measured  as 
a  function  of  concentration  of  the  permeating  ion  and  membrane  vol¬ 
tage.  The  other  class  is  related  to  the  mechanism  of  opening  and 
closing  of  the  channel.  The  distributions  of  duration  of  current 
steps  and  the  intervals  between  adjacent  steps  can  be  used  to  de¬ 
rive  a  plausible  reaction  mechanism  governing  the  switching  of  the 
channel . 

A  particularly  well  examined  membrane  channel  is  the  Acetyl¬ 
choline  Receptor-channel  which  transports  monovalent  cations.  It  is 
a  pentameric  transmembrane  protein  which  is  switched  on  and  off  by 
the  transmitter  acetylcholine  (ACh) .  The  distribution  of  current 
step  sizes  made  with  AChR-channels  in  skeletal  muscle  indicates 
that  this  channel  can  adopt  several  conductance  states.  Transport 
of  Na'*'  through  the  open  channel  can  be  described  by  a  simple  2B1S 
model.  In  physiological  ion  concentration  the  channel  is  nearly 
saturated.  The  distribution  of  durations  of  current  steps  and  in¬ 
tervals  between  them  shows  that  the  AChR  channel  can  adopt  two  dif¬ 
ferent  open  states  of  the  same  conductance  but  largely  different 
Ixfe  times  (300  nsec  and  3-4  msec).  The  channel  also  adopts,  in  the 
presence  of  ligand,  at  least  five  closed  states  with  life  times 
ranging  from  20  nsec  to  >10  sec.  The  dependence  of  the  distribution 
time  constants  on  ACh  concentration  and  on  the  nature  of  the  ligand 
shows  that  the  AChR  channel  opens  with  high  efficiency  once  the  re¬ 
ceptor  is  doubly  liganded.  The  opening  rate  B  exceeds  the  closing 
rate  a  nearly  SOfold.  An  estimate  of  the  intrinsic  dissociation 
constan*;  Kp  for  ACh  binding  to  the  receptor  is  in  the  order  of 
100  uM.  The  combination  of  a  high  Kp  value  and  a  high  6/a  ratio  is 
characteristic  for  a  receptor-channel  at  a  rapidly  transmitting  ex¬ 
citatory  synapse. 

Essentially  similar  observations  are  made  on  transmitter  gated 
ionic  channels  present  in  the  soma  membrane  of  neurones  from  the 
central  nervous  system  which  transport  anions  and  which  are  gated 
by  GABA  or  Glycine,  the  transmitters  at  inhibitory  synapse.  The 
various  parameters  describing  ion  transport  and  channel  gating  are 
fingerprints  for  a  given  molecular  species  of  ion  channel.  They 
will  be  helpful  to  relate  functional  properties  of  ion  channels  to 
their  molecular  structure. 
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Symposium  on  Chemical  and  Electrical  Regulation  of  Ion  Channels 

ESTIMATES  OF  OCCUPANCY  PROBABILITIES  FOR  STATES  OF  THE  MAMMALIAN  SODIUM 
CHANNEL  FROM  SINGLE  CHANNEL  RECORDINGS 

C.F.  Stevens.  Section  of  Molecular  Neurobiology,  Yale  University  School  of 
Medicine,  333  Cedar  St.,  New  Haven,  CT,  USA. 

We  have  used  the  single  channel  recording  method  to  study  cell-attached 
membrane  patches  containing  only  a  few  (one  to  four)  sodium  channels.  Most  of 
our  experiments  used  mouse  neuroblastoma  cells.  We  measure:  single  channel 
current  magnitude,  dwell  time  in  the  open  state,  number  of  channel  openings 
per  depolarization  epoch,  and  latency  to  first  channel  opening  after  onset  of 
the  depolarization.  We  further  estimate  the  occupancy  probability  of  four 
operationally  defined  states:  (1)  the  open  state,  (2)  a  state  (or  group  of 
states)  immediately  adjacent  to  the  open  states  (3)  the  inactivated  state  (or 
states),  and  (4)  all  other  states.  Occupancy  of  the  open  state  is  determined 
directly,,  occupancy  of  the  inactivated  state  is  estimated  by  prepulse 
inactivation  experiments,  occupancy  of  the  adjacent  state  is  evaluated  from 
the  derivative  of  the  distribution  function  for  first  entry  into  the  open 
state,  and  the  occupancy  of  other  all  other  states  is  obtained  from 
conservation  of  probability. 

Our  main  conclusions  are:  (1)  Sodium  channel  behavior  can,  for  the  level 
of  resolution  in  our  experiments,  be  accurately  described  in  terms  of  a  simple 
four  state  system.  (2)  Inactivation  rates  for  closed  states  is  less  than  that 
for  the  open  state.  (3)  Inactivation  rate  from  the  open  state  is  voltage 
independent,  but  rates  of  inactivation  from  closed  states  vary  with  membrane 
potential.  (4)  There  is  only  a  single  open  state.  (5)  Transitions  between 
states  are  consistent  with  an  exponential  dependence  of  rates  on  voltage. 
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Symposium  on  Chemical  and  Electrical  Regulation  of  Ion  Channels 
VOLTAGE  DEPENDENCE  OF  THE  SODIUM  AND  GATING  CURRENTS. 

F.  Bezanilla.  J.  R.  Stiners  and  R.  E.  Taylor.  Departnent  of  Physiology,  UCLA 
Laboratory  of  Biophysics  NINCDS,  NIH  and  Marine  Biological  Laboratory, 

Woods  Hole,  U.S.A. 

The  activation  and  inactivation  of  the  sodiun.  conductance  have  been 
represented  as  a-  nultistep  model  with  data  derived  fro*  several  voltage  clasp 
protocols  to  study  sodium  and  gating  currents  in  the  squid  giant  axon.  The 
first  series  of  experiments  was  a  study  of  the  relationship  between  charge 
vs.  voltage  (Q-V)  and  fraction  of  open  channels  vs.  voltage  (f-V)  curves. 
The  0-V  curve  shows  significant  voltage  dependent  charge  movement  at 
potentials  more  negative  than  -70  mV  <the  "bunp”)  but  most  of  the  charge 
coves  between  -70  and  +50  mV.  In  axons  with  inactivation  intact,  the  f-V 
curve,  estimated  as  the  peak  sodium  current  divided  by  the  instantaneous 
current,  is  a  sigmoid  curve  that  rises  at  potentials  more  positive  and  more 
steeply  than  the  0-V  curve.  A  comparison  of  the  normalized  0-V  and  f-V 
curves  shows  that  the  f-V  curve  lies  below  the  Q-V  curve  at  negative 
potentials  but  crosses  the  0-V  curve  at  0  *V.  When  the  experiments  were 
repeated  using  pronase  to  remove  fast  inactivation,  we  found  that  the  f-V 
curve  is  always  less  than  the  Q-V  curve  but  they  saturate  together  at  large 
depolarizations,  a  result  consistent  with  the  notion  that  all  the  charge  is 
associated  with  sodium  channel  gating.  The  total  charge  moved  between  -ISO 
mV  and  50  mV  is  about  1600  e~/pra  and  it  is  not  significantly  different  from 
the  charge  measured  in  axons  with  inactivation  intact.  The  second  series  of 
experiments  correlated  the  time  shift  of  the  sodium  current  and  the  gating 
current  when  the  initial  potential  was  varied.  Hyperpolarizing  prepulses 
delay  both  currents  the  same  amount  and  depolarizing  prepulses  decrease  the 
lag  in  the  sodium  current  turn-on  and  shorten  gating  current  decay.  The 
correlation  of  the  time  shift  of  both  currents  is  paralleled  by  an  extra 
charge  movement  occurlng  in  the  region  of  potentials  more  negative  than  -70 
mV.  This  extra  charge  movement  corresponds  to  the  extra  "bunp"  of  the  0-V 
curve  observed  in  the  negative  region  of  potentials.  The  third  series  of 
experiments  was  a  study  of  the  early  events  in  sodium  activation.  Gating 
currents  were  recorded  with  improved  tine  resolution  to  decide  upon  the 
presence  of  rising  phase.  We  found  that  sone  axons  do  not  show  a  rising 
phase  and  in  the  axons  in  which  it  is  present,  the  capacitive  current  shows  a 
slow  component.  We  are  able  to  decrease  or  abolish  the  rising  phase  along 
with  the  slow  component  of  the  capacitive  current  making  the  external 
solution  hypertonic  with  respect  to  the  internal  solution.  The  results  are 
consistent  with  the  idea  that  the  rising  phase  (and  the  slow  component  of  the 
capacitive  transient)  are  produced  by  a  distributed  series  resistance  in  the 
periaxonal  space  and  the  conclusion  is  that  if  the  sodium  gating  current  has 
a  rising  phase  it  must  be  shorter  than  5  to  10  microseconds. 

These  results  have  allowed  us  to  propose  a  raultistate  model  of  the  sodiu* 
channel  which  has  the  following  characteristics.  1)  There  are  several  closed 
steps  that  occur  as  transitions  in  the  negative  voltage  range.  These  steps 
are  responsible  for  the  lag  of  the  sodiun  current  turn-on  and  the  sodiu*  and 
gating  current  tine  shifts  seen  with  prepulses,  2)  The  transition  from  the 
most  closed  state  to  the  next  closed  state  is  as  fast  or  perhaps  faster  than 
the  next  transition  to  explain  the  absence  of  rising  phase.  3)  The 
inactivation  of  the  conductance  is  the  result  of  an  interaction  of  the 
activating  gating  particle  and  the  inactivating  particle  which  results  in  an 
stabilization  of  the  inactivating  particle  whan  the  activating  gating 
particle  is  near  to  the  open  position.  4)  The  transition  of  the  inactivating 
particle  is  slightly  voltage  dependent  but  it  contributes  a  negligible  gating 
current  of  its  own.  This  voltage  dependence  explain  the  crossover  of  the  Q-V 
and  f-V  curves  in  axons  with  intact  inactivation. 

Supported  by  USPH5  Grant  GM30376. 
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Symposium  on  Chemical  and  Electrical  Regulation  of  Ion  Channels 

PROTEIN  DYNAMICS  OBSERVED  IN  REAL  TIME:  CURRENT  FLUCTUATIONS  IN  'OPEN'  IONIC 
CHANNELS. 

F.J.  Siqworth,  Max-Planck-Institut  fur  biophysikalische  Cheraie^  Postfach  2841, 
Gottingen,  F.R.G. 

A  single  ionic  channel  typically  transports  10^  ions/sec  across  a  cell  mem¬ 
brane.  Considerable  changes  in  this  flux  are  expected  to  result  from  small  chan¬ 
ges  in  the  electrostatic  or  chemical  environment  of  the  ion  pathway;  thus  the 
current  through  a  channel  could  be  used  to  report  certain  small  motions  of  the 
channel  molecule  provided  that  the  motions  are  fairly  slow,  and  that  the  current 
can  be  measured  with  sufficient  resolution.  The  patch-clamp  technique  for  recor¬ 
ding  membrane  currents  presently  has  a  background  noise  level  of  —lOO  elemen¬ 
tary  charges  rms  (in  the  range  1-10  kHz)  and  is  in  fact  sensitive  enough  to  de¬ 
tect  the  "shot  noise"  fluctuations  due  to  the  random  passage  of  ions  through  a 
channel.  An  investigation  of  currents  in  acetylcholine  receptor  channels  shows 
fluctuations  that  are  considerably  larger  than  expected  from  shot  noise  and 
which  probably  arise  from  internal  motions  of  the  receptor  protein. 

For  the  experiments,  primary  cultured  rat  muscle  cells  (myoballs)  were  used, 
and  patch  recordings  v;ere  made  in  cell-attached  as  well  as  cell-free  configura¬ 
tions  (Hamill  et  al.,  Pflugers  Arch.,  391:85,  1981).  At  fairly  low  temperature 
(7°)  the  acetylcholine  receptors  in  these  cells  carry  currents  of  2.2  pA  and 
have  a  mean  open  time  of  30  ms.  Power  spectra  of  the  fluctuations  were  computed 
by  taking  the  difference  of  spectra  computed  from  segments  when  one  channel  was 
open  and  from  baseline  segments.  The  spectra  show  a  flat  high-frequency  asymp¬ 
tote  (to  10  kHz)  but  a  large  low-frequency  excess,  which  can  be  well  fitted  by  a 
single  Lorentzian  component  with  a  corner  frequency  in  the  range  of  several  hun¬ 
dred  Hertz. 

This  low-frequency  component  can  be  readily  seen  in  appropriately-filtered 
experimental  records.  Its  amplitude  scales  with  membrane  potential  like  a  con¬ 
ductance  fluctuation,  and  represents  a  rms  variation  of  about  3  %.  The  fluctua¬ 
tions  probably  arise  from  internal  motions  of  the  receptor  rather  than,  say, 
lateral  diffusion  in  the  membrane  because  (1)  the  relaxation  time  (but  not  the 
amplitude)  of  the  fluctuations  is  as  highly  temperature-dependent  as  the  channel 
open  time  (Qio“3);  and,  (2)  the  spectrum  is  unlike  that  expected  for  an  unre¬ 
stricted  diffusion  process. 

Analysis  of  the  amplitude  distribution  of  the  slow  fluctuations  shows  that 
tey  do  not  arise  from  stepwise  transitions  between  two  levels  of  conductance, 
but  must  come  from  a  multi-step  or  continuous  variation.  A  statistical  test  for 
coupling  between  the  fluctuations  and  the  channel  open-close  transitions  was 
negative,  placing  an  upper  bound  of  about  kT/2  on  the  coupling  energy  between 
the  processes.  Reducing  the  ionic  strength  however  causes  the  fluctuations  to 
become  relatively  larger;  this  suggests  that  they  may  arise  through  electrosta¬ 
tic  interactions  which  become  larger  when  ionic  shielding  is  reduced. 

The  high-frequency  asymptote  of  the  spectrum  was  typically  3-6  times  the 
density  expected  for  shot  noise.  In  cases  where  the  value  was  large,  an  analysis 
of  the  amplitude  distribution  showed  that  it  partly  resulted  from  brief  (~10  ps) 
interruptions  in  the  channel  current.  In  cases  where  the  high-frequency  density 
was  only  about  3  times  the  shot  noise  level,  the  amplitude  distribution  was  in¬ 
distinguishable  from  Gaussian,  suggesting  that  the  underlying  process  is  very 
rapid  (<  2  ps)  and  might  in  fact  represent  fluctuations  in  channel  structure  on 
the  time  scale  of  ion  transport  ( ~ 100  ns) . 
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Symposium  on  NMR  in  Vivo 

and  HIGH  RESOLUTION  STUDIES  IN  VIVO.  K.L.  Behar,  O.A.C.  Petroff,'^  ^ 
J.A.  den  Hollander,  M.  Stromski,  H.P.  Hetherington,  D.L.  Rothman,  J.W.  Prichard 
and  R.6.  Shulman,  Departments  of  Molecular  Biophysics  and  Biochemistry  and 
Neurology^,  Yale  University,  New  Haven,  CT  06511. 

We  have  followed  metabolism  in  the  brain  of  the  living  rats  and  rabbits  by 
31p,  13c  and  iH  high  resolution  NMR.  It  has  been  possible  to  follow  ATP,  PCr, 

P^-  and  pH  by  31p  nmR,  glutamate  and  lactate  by  13c  NMR  and  about  one  dozen 
metabolites  by  proton  NMR  including  lactate,  N-acetyl -aspartate,  glutamate, 
glutamine,  phosphoryl choline,  phosphocreatine,  creatine  and  y-amino-butyric 
acid.  The  effects  of  hypoxia,  hypoglycemia  and  status  epilepticus  upon  these 
metabolites  has  been  followed  in  real  time  with  resolution  ranging  from  1  to  5 
minutes.  Double  tuned  surface  coils  have  enabled  us  to  switch,  back  and  forth 
between  nuclei  giving  essentially  simultaneous  determination  of  metabolic  levels. 
During  hypoglycemic  coma  it  is  possible  to  observe  via  31p  nMR  severe  reductions 
in  the  PCr  and  ATP  levels  with  consequent  increase  in  the  P^  levels  v/hile  at  the 
same  time  the  1h  NMR  spectra  shows  reductions  in  glutamate  and  glutamine  levels 
and  consequent  increases  in  the  aspartate  levels.  After  glucose  infusion  the 
EEG  returned  to  normal  and  the  ^1p  and  1h  spectra  also  returned  towards  their 
control  values.  However  the  PCr/P.j  ratio  did  not  recover  fully  while  in  the 
1h  spectra  the  glutamine  levels  remained  low. 

In  the  spectra  it  has  been  particularly  useful  to  have  a  double  tuned 
13c-1h  surface  coil.  This  has  been  used  to  observe  13c  NMR  spectra  while 
alternately  decoupling  the  proton  during  normal  13c  data  accumulation.  It  has 
also  been  possible,  using  spin  echoes,  to  obtain  proton  observe  carbon  decouple 
spectra  of  olutamate  and  other  metabolites  during  and  after  infusion  of  90X- 
enriched  1-'^C  glucose. 
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CROSS-POLARIZATION  MAGIC-ANGLE  SPINNING  C-13  AND 
N-15  NMR  OF  INTACT  PLANT  AND  BACTERIAL  CELLS 

J  Schaefer,  J.  R.  Garbow,  E.  0.  Stejskal  and  R.  A.  McKay; 
Monsanto  Company,  St.  Louis,  Missouri?  USA 


Cross  polarization  is  a  sensitivity  enhancement  technique  which  relies 
upon  static  dipolar  coupling  between  an  abundant  reservoir  of 
magnetization  (typically  protons)  and  a  rare-spin  system  (siich  as  *®C 
or  **N).  The  resulting  rare-spin  nmr  spectrum  is  usually  obtained  with 
magic-angle  spinning  for  resolution  enhancement.  Cross-polarization 
signals  arise  only  from  those  components  of  in  vivo  plant  or  bacterial 
cells  which  are  at  least  partially  immobilized.  The  technique  therefore 
complements  the  use  of  Fourier  transform  *^C  or  '*N  nmr  which  is  sensitive 
to  the  mobile  soluble  pools  of  iji  vivo  cellular  systems.  Cross-polarization 
nmr  can  bo  performed  on  either  viable  (wet)  cells  or  lyophilized  materials. 
We  have  used  ^  vivo  cross  polarization  nmr  in  two  ways  recently:  (1)  to 
measure  the  metabolism  of  single-  and  double-labeled  amino  acids  and  the 
incorporation  (via  multiple  pathways)  of  the  metabolites  into  insoluble 
proteins;  and  (2)  to  measure  the  dynamics  of  specific  labels  in  bacterial 
cell-wall  proteins.  The  latter  experiments  involve  dipolar  rotational 
spin  echoes  to  characterize  the  extent  to  which  microscopic  molecular 
motions  in  the  (nearly)  solid  state  average  K-H  dipolar  couplings.  This 
information  will  ultimately  help  us  to  quantify  the  effect  of  peptidoglycan 
cross  linking  on  cell-wall  rigidity. 
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NUCLEAR  MAGNETIC  TESONANCE  FROM  CELLS  AND  TISSUES. 

G.K.  Radda,  Department  of  Biochemistry,  University  of  Oxford,  South  Parks  Road, 

Oxford,  0X1  3QU. 

During  the  past  ten  years,  it  became  possible  to  record  high  resolution  NMR 
spectra  from  intact  cells,  isolated  tissues  and  organs,  selected  regions  of 
laboratory, animals  and  even  humans.  In  general,  mobile  small  metabolites  are 
detectable  and  identifiable  from  the  resonances  given  by  nuclei  like  31p,  1h 
and  i3c. 

Using  P  NMR  the  most  abundant  phosphorus-containing  metabolites  (e.g. 
phosphocreatine ,  ATP,  ADP,  AMP,  Pj^  sugar  phosphates)  are  simultaneously  observ¬ 
ed  and  quantified  in  a  matter  of  minutes.  In  addition,  the  position  of  the  Pi 
resonance  depends  on  the  state  of  ionization  of  the  phosphate  group  which  in 
turn  is  determined  by  the  pH  of  the  medium.  Thus  the  Pi  signal  from  within  the 
cell  gives  us  a  read-out  of  intracellular  pH. 

A  technique  called  saturation  transfer  offers  a  unique  way  for  study  ^  vivo 
enzymology.  The  unidirectional  fluxes  through  some  enzyme  catalysed  processes 
can  be  measured  even  when  the  system  is  in  a  steady  state  or  equilibrium.  Thus 
using  31p  nmr,  the  major  bioenergetic  processes  of  the  cell  can  be  investigated. 

Several  examples  cf  how  31p  NMR  gives  us  new  insights  into  "molecular  cell 
biology"  will  be  given. 

In  isolated  renal  tubules,  the  distribution  of  H’*’  ions  between  the  cytoplasm 
and  mitochondrion  has  been  investigated  by  comparison  of  the  pH  values  measured 
by  3 Ip  NMR  (measuring  cytoplasmic  pH)  and  by  the  distribution  of  weak  acids 
(e.g.  DM0)  which  reflects  an  average  pH  over  all  compartments. 

In  perfused  organs,  such  as  the  heart  and  kidney,  the  flux  of  ATP  synthesis 
can  be  measured  directly  by  NMR.  When  the  observed  values  are  compared  with 
the  02  consumed,  we  can  obtain  true  in  vivo  P:0  ratios  and  relate  these  to 
phosphorylation  potentials  and  work.  In  the  kidney  comparison  of  the  rate  of 
ATP  turnover  with  Na+  uptake  gives  the  unexpected  conclusion  that  the  Na+/ATP 
ratio  is  considerably  higher  than  3. 

In  live  animals  we  are  now  able  to  focus  the  NMR  observation  on  specific 
organs.  For  example,  measurement  of  the  ATP  synthetase  rate  in  the  brain  of 
rats  gives  a  P:0  ratio  close  to  3.  The  creatine  kinase  catalysed  conversion  of 
phosphocreatine  to  ATP  is  about  5  times  faster  than  ATP  utilization.  The  effect 
of  hypoxia,  hypocapnia  and  other  conditions  (e.g.  shock)  on  the  energy  metabol¬ 
ism  of  the  brain  can  be  readily  observed.  The  role  of  creatine  kinase  in  the 
control  of  energy  coupling  became  clear  from  the  examination  of  animal  muscles 
in  which  phosphocreatine  was  largely  replaced  by  phospho-quanidino-propionic 
acid. 

The  energetics  of  human  muscle  in  limbs  has  also  been  examined  in  over  300 
control  examinations  and  in  more  than  250  patients  with  muscle  disorders  or 
symptoms.  We  can  now  quantitatively  relate  ATP  utilization  to  work,  determine 
the  relative  importance  of  oxidative  vs.  glycolytic  contribution  to  ATP  pro¬ 
duction  during  exercise,  observe  the  point  at  which  the  switch  to  glycogenoly- 
sis  takes  place  and  measure  the  rate  of  oxidative  phosphorylation. 

Detailed  examination  of  these  parameters  in  many  pathological  states  gives 
us  for  the  first  time  a  non-invasive  handle  on  cellular  biochemistry  in  humans, 
both  in  limbs  and  other  organs  of  the  body  such  as  brain. 
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BASE  SEQUENCE  EFFECTS  ON  THE  SURFACE  OF  POLYMERIC  DNA. 

Struther  Arnott,  R.  Chandrasekaran,  R-G.  He,  R.  C.  Mil  lane,  H-S.  Park,  L.  C. 
Puigjaner  and  J.  K.  Walker,  Department  of  Biological  Sciences,  Purdue 
University,  West  Lafayette,  Indiana,  U.S.A. 

Fibrous  polynucleotide  duplexes  are  very  polymorphic.  This  is  observed 
both  with  general  sequence  DNAs  and  with  synthetic  DNAs,  such  as 
poly  d(GC)-poly  d(GC)  and  poly  d(AC)-poly  d(6T)  (with  their  A,  B  and  Z  forms), 
poly  d(AT)-poly  d(AT)  (with  A,  B  and  D  fomis),  and  poly  d(A)-poly  d(T)  (with 
its  heteronomous  or  H  form).  The  Z  forms  of  poly  d(GC)-poly  d(CG)  and 
poly  d(AC)-poly  d(GT)  dramatically  reflect  their  dinucleotide  chemical 
structures  in  their  secondary  structures  by  having  quite  differently  puckered 
furanose  rings  and  different  backbone  conformations  in  alternate  nucleotides. 

It  is  of  no  little  interest  to  determine  whether  or  not  the  base  sequences 
within  a  polymeric  DNA  duplex  ai-a  indicated  on  the  surface  by  features  of  the 
sugar-phosphate  backbone.  If  they  are,  then  regulatory  proteins  and  enzymes 
which  have  to  bind  to  specific  DNA  sequences  might  more  easily  recognize  their 
host  sequences.  Detailed  analyses  of  various  allomorphs  of 
poly  d(AT)-poly  d(AT),  poly  d(,IC)-poly  d(IC)  and  poly  d(GC)-poly  d(GC)  in 
uniaxially  oriented  polycrystalline  fibers  show  that  the  dinucleoside 
monophosphate  5'RpY3‘,  where  5'R  is  a  purine  and  Y3'  is  a  pyrimidine,  have 
either  t  or  t,  g-  conformations  at  C3'-  03’ ,  03'-  P  which  lead  to  similar 
orientations  of  phosphate  groups.  On  the  other  hand,  5'YpR3'  dinucleoside 
monophosphates  commonly  have  g~,  t  conformations  which  are  associated  with 
markedly  different  orientation  of  the  phosphate  group.  Studies  of  the  more 
complex  structures  poly  d(ACC)-poly  d(GGT)  and  of  a  pleiomeric  form  of 
poly  d(AT)"poly  d(AT)  where  the  repeated  secondary  structural  motifs  are 
hexanucieotides  reveal  further  details  of  the  surface  "wrinkles"  on  DNA  and 
allow  us  to  explore  whether  and  to  what  extent  the  variations  within  the 
structu-es  of  crystallized  DNA  fragments  are  manifested  in  long  polymers  and  are 
sequence  dependent.  In  the  case  of  poly  dCA).*poly  d(.T),  the  chemical 
distinctiveness  of  the  two  anti parallel  strands  is  amplified  by  the  fact  that 
the  sugar  rings  in  each  strand  are  puckered  differently  --  CZ'-endo  in 
poly  d(T)  (I’-'d  f:3'-ertdo  in  poly  d(A).  Similar  structures  may  be  present  in 
some  DNA- RNA  hybrids.  Such  heteronomous  duplexes  have  unusually  pronounced 
directional  properties. 
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COMFORMATIONAL  VARIABILITY  OF  THE  DNA-DOUBLE  HELIX  AS  OBSERVED  IN  CRYSTAL 
STRUCTURES  OF  OLIGONUCLEOTIDES 

Z.  Shakked,  Weizmann  Institute  of  Science,  Rehovot,  Israel 

X-ray  analyses  of  single  crystals  of  oligonucleotides  carried  out  in  recent 
years  have  yielded  structural  information  at  nearly  atomic  resolution  on  three 
structural  forms:  Two  right-handed  structures  similar  to  the  well  established 
A-  and  B-DNA  double  helices,  and  a  left-handed  double  helix,  Z-DNA,  discovered 
so  far  in  self-complementary  alternating  sequences  of  purine  and  pyrmidine 
bases.  Both  the  A-  and  B-type  structures  demonstrate  a  wide  range  of 
conformational  variability  of  the  DNA  double  helix  which  is  strongly  dependent 
on  base  composition  and  seq  lence. 

Our  comparative  study  of  the  A-type  structures  indicates  that  interactions 
between  the  bases  are  the  primary  driving  force  for  inducing  local  variations 
in  the  double  helix.  Favorable  stacking  arrangements  of  successive  base  pairs 
are  achieved  by  concerted  changes  in  the  backbone  torsion  angles  and  the 
orientation  about  the  glycosidic  bonds.  This  finding  appears  to  be  relevant 
also  to  the  B-ONA-type  structure  and  may  be  a  general  feature  of  other  forms  of 
DNA. 

An  attempt  has  been  made  to  understand  the  base-stacking  variability 
observed  in  the  A-  and  B-type  structures  in  terms  of  stacking  energies  derived 
by  atom-atom  potential  energy  calculations.  These  calculations  indicate  that 
sequence-dependent  variability  in  A-  and  B-DNA  structures  is  a  consequence  of 
the  equiparti tioning  of  the  van  der  Waals  stacking  energy  along  the  double 
helix.  The  observed  local  changes  in  the  relative  orientation  of  adjacent  base 
pairs  result  in  decreasing  the  overall  stacking  energy  and  minimizing  the 
energy  differences  between  various  helical  steps. 
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DNA  CONFORMATION  DYNAMICS  AND  INTERACTIONS  IN  SOLUTION. 

D.  J.  Patel^,  S.  A.  Kozlowski^  and  D.  R.  Hare^,  ^AT&T  Bell 
_  _ 

Laboratories,  Murray  Hill,  New  Jersey  and  Biochemistry 
Department,  Columbia  University,  New  York,  New  York. 

High  resolution  NMR  investigations  have  been  undertaken  to 
define  the  conformation,  dynamics  and  interactions  in  DNA 
duplexes  and  their  modified  analogs  containing  one  to  two  turns 
of  helix.  Nucleic  acid  conformations  are  deduced  from  a 
distance  geometry  analysis  of  all  proton-proton  distances  of 
less  than  5  angstroms  evaluated  from  two  dimensional  nuclear 
Overhauser  effect  measurements.  Nucleic  acid  dynamics  are 
probed  from  inversion  recovery  kinetic  measurements  of  the 
resolved  and  assigned  imino  protons  to  measure  hydrogen 
exchange  rates  and  activation  barriers  in  DNA  duplexes  at  the 
individual  base  pair  level.  Our  presentation  will  focus  on  a 
few  topics  from  the  following  areas  of  research  currently 
underway  in  our  laboratory.  (1)  The  sequence  dependence  of  the 
conformation  and  dynamics  of  DNA  with  special  emphasis  on  the 
lole  of  counterion,  solvent  and  temperature.  (2)  The 
structural  details  of  chain  folding  in  hairpin  and  bulge  loop 
formation  and  the  conformational  and  hydrogen  exchange 
characteristics  at  the  junction  between  right-  and  left-handed 
DNAs.  (3)  The  conformation  and  dynamics  at  and  adjacent  to 
purine*pyrimidine,  pur ine -pur ine  and  pyrimidine .pyrimidine  base 
pair  mismatches,  as  well  as  helix  interruption  sites  containing 
an  extra  purine  or  pyrimidine  base  imbedded  in  DNA  duplexes. 

(4)  The  structure  at  the  site  of  guanosine  modification  with 
alkylating  agents  and  aromatic  carcinogens  and  the  elucidation 
of  alternate  pairing  modes  to  delineate  the  origin  of 
transition  and  transversion  errors  in  replication.  (5)  The 
sequence  specificity  of  drug-DNA  complexes  and  the 
conformational  details  at  and  adjacent  to  intercalation  and 
groove  binding  sites. 
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THREE-STATE  D I ABRAM  FOR  DNA 

V.I.  Ivanov,  D.Yu.  Krylov  and  E.E.  Minyat 

Institute  of  Molecular  Biology,  Academy  of  Sciences  of  the  USSR, 

Moscow,  USSR 

The  study  of  the  triple  equilibria  (A, B, coil)  and  (A,B,Z) 
makes  it  possible  to  obtain  interconnection  between  thermodynamic 
parameters  of  different  co-operative  transitions  in  DNA (1) -Melting 
of  DNA,  poly  d<A-T,)  and  poly  d(A-BrU)  was  performed  in  a  broad 
interval  of  trif luoroethanol  (TFE)  concentrations  including  those 
of  the  B  to  A  transition  range.  A  branch,  which  characterizes  the 
helix-coil  equilibrium,  has  a  universal  shape  for  different  DMAs 
and  the  polynucleotides:  melting  temperature  is  minimum  near  30% 
TFE  and  increases  sharply  within  the  region  of  the  A  form  stabi- 
lityC>65%  TFE).  The  B-A  equilibrium  depends  on  temperature  only 
slightly.  The  slope  angles  of  the  branches  in  the  vicinity  of 
the  triple  point  (A, B, coil)  allow  estimating  the  co-operati vity 
length  of  the  B-A  transition:  it  proves  to  be  of  the  order  of  20 
base  pairs  for  DNA  and  the  polynucleotides.  Due  to  the  finite 
transition  widths  a  peculiar  situation,  not  studied  up  to  now,  is 
realized  in  our  cases,  at  which  three  different  conformations  may 
be  present  in  one  polymeric  molecule.  This  results  in  some  new 
effects,  predicted  by  a  theory  (2),  such  as  the  increase  in  width 
of  the  melting  curves  within  the  B-A  transition  interval.  It  thus 
appears  that  the  phase  diagram  method  may  become  very  informative 
approach  to  the  studies  of  DNA  metamorphosis  in  solution. 

(1)  V.I.  Ivanov,  D.Yu.  Krylov,  E.E.  Minyat,  L.E.  Minchenkova, 

J. Biomolecular  Structure  and  Dynamics  1,  453-460  (1983). 

(2)  M.D.  Frank-Kamenetski i  and  G. I.  Chogovadze,  J. Biomolecular 
Structure  and  Dynamics  No.S  (1984),  in  press. 
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STRUCTURAL  CHANGES  IN  MUSCLE  IN  RIGOR  AND  MEAT  PROCESSING  ' 

G.W.  Offer,  J.A.  Trinick,  C.A.  Voyle,  O.J.  Restall,  P.D.  Jolley,  R.E.  Jeacocke, 

N.J'.  Parsons  and  P.J.  Knight 

AFRC  Meat  Research  Institute,  Langford,  Bristol,  U.K. 

Muscle  contains.  75%  water,  but  this  value  can  change  substantially  post¬ 
mortem,  particularly  when  meat  is  processed.  Such  changes  are  economically 
impbrtant  and  affect  the  eating  quality.  The  largest  water  compartment  in 
muscle  is  the  myofibrils.  We  are  testing  the  hypothesis  that  losses  or  gains 
in  the  water  content  of  meat  are  due  to  changes  in  the  volume  of  the  myofibrils 
caused  by  shrinking  or  swelling  of  the  filament  lattice. 

After  muscle- enters  the  rigor  state,  an  aqueous  solution  of  sarcoplasmic 
proteins,  known  as  drip,  slowly  oozes  from  the  cut  ends  of  the  fibres.  This 
arises  because  the  fibres  shrink  away  from  their  endomysial  sheaths  leaving 
water-filled  channels.  The  force  responsible  for  driving  water  along  the 
channels  could  either  be  gravitational  or  generated  by  the  connective  tissue. 

Studies  on  skinned  muscle  fibres  have  shown  that  the  shrinkage  of  the  fibres 
has  two  causes:  (a)  the  fall  in  pH  from  7  down  to  about  5.5  due  to  glycolysis 
(b)  the  entry  of  the  fibre  into  the  rigor  state.  We  are  investigating  by  X-ray 
diffraction  whether  the  filament  lattice  also  shrinks  in  intact  muscle. 

When  meat  is  processed,  it  is  treated  with  sodium  chloride  and  often  also 
with  polyphosphate.  This  causes  a  substantial  uptake  of  water  (typically  5  to 
40%),  much  of  which  is  retained  on  cooking.  During  massaging  or  tumbling,  a 
sticky  exudate  consisting  of  fibre  fragments  and  extracted  niyofibrillar 
proteins,  especially  myosin,  forms  on  the  surface  of  the  meat  pieces  and  binds 
them  together  after  cooking.  We  have  shown  that  isolated  myofibrils  swell 
substantially  under  salt  conditions  similar  to  those  used  for  meat  processing 
and  myosin  may  be  extracted  from  the  A-band.  At  pH  5.5,  0.6  to  0.8  M  NaCl 
causes  swelling  of  myofibrils  at  constant  sarcomere  length.  The  centre  of  the 
A-band  is  sometimes  extracted.  The  addition  of  10  irti  pyrophosphate  reduces  the 
concentration  of  sodium  chloride  required  for  swelling  and  causes  the  A-band  to 
be  extracted  completely  beginning  from  its  ends.  Although  nyofibrils  always 
swelled  under  these  conditions,  there  was  considerable  variation  in  its  extent, 
in  the  degree  of  extraction  of  the  A-band  and  in  the  degree  of  expansion  of  the 
I-band.  We  are  testing  the  proposition  that  the  variation  is  due  to  differ¬ 
ences  between  fibre  types  or  to  weakening  of  the  Z-line  by  proteolysis. 

We  are  also  examining  whether  the  same  structural  changes  occur  in  blocks 
of  meat.  We  find  that  while  no  A-band  extraction  occurs  with  salt  alone, 
substantial  extraction  occurs  in  the  presence  of  pyrophosphate.  The  Z-lines 
become  fragmented  after  treatment,  consistent  with  their  being  broken  by  myo¬ 
fibrillar  expansion. 

The  mechanism  by  which  salt  induces  swelling  of  the  myofibrils  remains  to 
be  elucidated,  but  is  likely  to  be  due  to  a  combination  of  increased  long-range 
electrostatic  forces  between  filaments  combined  with  removal  of  one  or  more 
transverse  structural  constraints.  Raising  the  chloride  concentration  would  be 
expected  to  cause  substantially  increased  screening  of  the  charges  and  it  is 
possible  that  the  principal  effect  is  to  increase  the  radii  of  the  charges 
about  the  thick  and  thin  filament  axes. 

On  cooking  of  unprocessed  meat,  the  weight  loss  can  be  up  to  40%  and  the 
meat  shrinks  substantially  both  along  and  transverse  to  the  fibre  axis.  Single 
muscle  fibres  shrink  transversely  when  heated  to  temperatures  between  40  and 
60°C.  We  have  now  shown  that  when  heated  to  temperatures  above  65°C,  single 
fibres  also  shrink  longitudinally  very  rapidly  and  develop  force.  Isolated 
myofibrils,  like  fibres,  shrink  in  both  directions.  Transverse  sections  of 
muscle  cooked  to  temperatures  up  to  OO^C  show  that  the  fibres  have  shrunk  still  ' 

further  than  in  rigor,  leaving  a  much  bigger  gap  between  them  and  their  endomy-  i 

sial  sheaths.  We  suppose  that  the  lateral  shrinkage  of  meat  is  caused  by  the  i 

thermal  contraction  of  the  connective  tissue  network  forcing  the  fluid  in  this  i 

gap  gut  to  the  cut  ends.  We  are  currently  investigating  the  relative  contri-  1 

butions  of  myofibrils  and  collagen  to  the  longitudinal  shrinkage.  I 
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COLLOIDAL  ASPECTS  OF  FOOD  DISPERSIONS 

P.  Walstra,  Department  of  Food  Science,  Agricultural  University,  V/ageningen,  the 
Netherlands. 

Most  liquid  foods  are  dispersions  and  most  particles  in  these  dispersions  (e.g.  cells, 
cell  fragments,  starch  granules,  protein  aggregates,  emulsion  droplets,  crystals)  are 
of  colloidal  size,  viz.  10  °  -  10”^  m.  If  the  particles  are  not  small  by  nature,  they 
are  made  so,  for  instance  to  slow  down  sedimentation  or  to  speed  up  diffusion.  Colloidal 
interactions  therefore  are  manifest  and  they  affect  (1)  product  properties,  such  as 
physical  stability  and  rheological  behaviour,  and  (2)  ease  of  processing,  e.g.  phase 
separation.  Physical  instability  may  relate  to  sedimentation  (or  creaming),  flocculation 
and  coalescence;  these  changes  often  occur  simultaneously  and  they  affect  each  other. 
Flocculation  often  preceeds  coalescence;  both  are  for  the  greater  part  determined 
by  colloidal  interaction,  and  they  enhance  sedimentation.  A  satisfactory  theory  for 
coalescence  is  not  available,  but  the  other  changes  can  often  be  predicted. 

Colloidal  interaction  forces  between  similar  particles  always  include  Van  der  Waals 
attraction  and  nearly  always  electrostatic  repulsion-  Both  can  be  calculated  with  some 
accuracy  for  iiomoyeiieous  particies  of  simple  shape  from  material  constants  and  mea¬ 
surable  parameters.  Steric  repulsion  caused  by  protruding  molecular  chains  in  Brownian 
motion,  for  instance  from  adsorbed  macromolecules,  is  much  more  difficult  to  predict. 
Moreover  its  existence  complicates  calculation  of  the  other  forces.  Steric  repulsion 
by  macromolecules  does  not  prevent  contact,  so  that  bridging  between  particles  may 
occur,  for  instance  by  formation  of  -S-S-linkages  between  adsorbed  proteins.  Hydrody¬ 
namic  interactions  should  also  be  taken  into  account  and  this  is  fairly  straightforward 
for  smooth  particles,  but  adsorbed  macromolecules,  again,  make  it  much  more  difficult. 

Most  foods  are  aqueous  systems:  ionic  strength  is  usually  10  -  100  mol.m"'^,  which 
gives  a  Debye  length  (thickness  of  the  diffuse  double  layer)  of  1  -3  nm,  and  the  surface 
potential  of  most  particles  is  fairly  small.  This  implies  that  electrostatic  repulsion 
mostly  is  insufficient  to  prevent  flocculation,  and  steric  repulsion  is  an  important 
factor.  Calculation  of  colloidal  interaction  in  foods  is  thus  difficult,  also  because  of 
the  following.  (1)  Particles  show  a  wide  range  in  composition,  hence  properties.  (2) 
Several  substances  are  present  that  can  be  adsorbed,  notably  proteins;  most  proteins 
behave  neither  as  felxible  macromolecules,  nor  as  rigid  entities,  and  their  conformation 
after  adsorption  is  difficult  to  predict.  (3)  Particles  often  show  a  wide  range  in  size 
and  shape.  (4)  Volume  fraction  of  dispersed  phase  is  too  high  to  neglect  multiple-par¬ 
ticle  interactions.  (5)  Conditions  in  a  food  often  change  with  time  by  enzymic  or  chemi¬ 
cal  reactions.  Despite  these  complications  calculations,  if  only  giving  an  order  of 
magnitude  or  a  trend  when  changing  conditions,  are  often  possible  and  useful:  they 
may  forestall  much  trial  and  error  in  product  or  process  development.  Amelioration 
of  the  theory  of  steric  repulsion  would  be  most  welcome. 

Often,  weak  attraction  prevails,  causing  flocculation.  In  the  absence  of  agitation 
and  sedimentation,  flocculation  leads  to  formation  of  a  continuous  network,  nence 
a  gel,  albeit  a  weak  gel.  Existence  of  a  gel  implies  physical  stability,  as  long  as  it 
docs  not  show  syneresis;  syneresis  occurs  if  the  colloidal  interactions  are  very  weak. 
Rheological  properties  of  the  gel  primarily  depend  on  its  inhomogeneity  and  methods 
for  characterizing  such  structures  need  to  be  developed.  Some  progress  lias  been  achie¬ 
ved  with  a  gel  built  of  protein  aggregates,  employing  permeability  and  rheological 
measurements.  The  latter  should  be  carried  out  at  very  small  stresses.  Unfortunately, 
rheological  theory  is  as  yet  confined  to  small  deformation  (linear  behaviour),  while 
large  deformation  (yield  behaviour)  often  occurs  in  practice. 

The  way  in  which  a  dispersion  is  made  may  greatly  affect  its  properties,  since 
thermodynamic  equilibrium  is  never  reached  or  even  approximated.  In  the  fairly  simple 
case  of  making  protein-stabilized  emulsions,  factors  governing  droplet  size  and  compo¬ 
sition  of  the  adsorbed  layer  are  now  qualitatively  understood.  Colloidal  interactions, 
hydrodynamic  forces  and  dynamic  surface  properties  all  come  into  play.  Extension 
of  this  work  to  the  formation  of  dispersions  of  solid-like  particles  would  be  useful; 
it  should  include  a  careful  consideration  of  the  different  processes  involved  and  their 
time  scales. 


Monday  30  July  Watershed-Cinema  1  09.30-12.30 

Symposium  on  Food  Biophysics 

EQUILIBRIA,  METASTABILITY  AND  DYNAMICS  IN  COP  LEX  AQUECUS  SYSTEMS:  THE  DANGERS 
CF  CVERSI^PLIFICATICN. 

F.  Franks.  Department  of  Botany,  University  of  Cambridge,  Cambridge,  U.K. 

The  physical  and  ciiemical  processes  which  form  the  basis  of  life  resemble 
those  which  the  food  processor  employs  to  preserve  and/or  simulate  the  vivo 
textures  of  plant  and  animal  tissues  or  to  create  novel  textures  with  the  aid 
of  simpler  and  cheaper  raw  materials. 

Che  of  the  basic  tenets  common  to  physiology  and  food  processing  is  that  the 
methodology  of  equilibrium  thermodynamics  is  usually  inapplicable.  Although  a 
sound  knowledge  of  solid/liquid  phase  relationships  is  a  sine  qua  non  for  an 
intelligent  exploitation  of  the  desirable  properties  of  materials,  such  as 
structure,  texture  and  rheology,  this  knowledge  alone  is  insufficient  for  the 
design  of  commercially  useful  products  or  for  an  understanding  of  physiological 
processes.  Indeed,  it  is  usually  left  to  the  experience  and  ingenuity  of  the 
processor  to  achieve  a  combination  of  thermodynamic  instability  and  physical/ 
mechanical  stability. 

Ice  cream  manufacture  graphically  illustrates  this  principle:  To  achieve  the 
desired  end  it  is  necessary  to  process  a  mixture  of  ingredients  in  such  a  way 
that  the  final  state  does  not  correspond  to  the  stable  equilibrium  state,  but 
that  the  compounded  and  frozen  mix  can  be  maintained  in  its  metastable  state  for 
a  sufficiently  long  period.  What  is  sufficient  depends  largely  on  the  end  use 
of  the  product.  In  the  storage  of  seeds  (also  under  conditions  of  metastability) 
su<h  a  period  is  measured  in  years,  whereas  in  the  storage  of  ice  cream  it  is 
measured  in  weeks. 

In  terms  of  physico-chemical  principles  the  compounded  system  must  be  prevented 
from  reaching  its  state  of  minimum  free  energy.  In  practice  this  is  achieved  by 
the  interposition  of  a  kinetic  activation  barrier,  designed  to  retard  the  rate 
of  achievement  of  equilibrium.  Thus,  the  rate  of  coalescence  of  emulsified 
droplets,  leading  to  an  eventual  phase  separation,  can  be  retarded  by  providing 
a  repulsive  interaction  between  the  droplets  and/or  increasing  the  viscosity  of 
the  continuous  phase,  thus  reducing  the  collision  rate. 

In  aqueous  systems  at  subfreezing  temperatures  the  stable  water  phase  is  ice. 
Depending  on  the  particular  process  and  system,  it  may  be  desirable  or  essestial 
to  inhibit  freezing  altogether,  or  to  let  it  proceed  to  a  given  extent,  but  to 
control  the  type  and  concentration  of  ice  crystals  formed.  Both  objectives  in¬ 
volve  the  creation  of  thermodynamically  metastable  states  which  must  then  be 
"frozen-in"  to  achieve  the  desired  storage  life.  In  the  absence  of  such  stabili¬ 
zation  ice  will  tend  to  re  crystallize,  additional  ice  may  be  formed,  other  com¬ 
ponents  may  crystallize  and  deleterious  chemical  reactions  may  occur  as  a  result 
of  increasing  freeze  concentration.  The  physical  parameters  which  govern  the 
production  and  control  of  metastable  water  include  undercooling,  supersaturation, 
nucleation,  crystal  growth,  vitrification,  re  crystallization,  maturation  and 
melting.  The  practical  limits  are  set  by  the  thermal  and  diffusional  properties 
of  water.  Of  all  the  parameters  mentioned,  melting  alone  is  a  thermodynamic 
equilibrium  process  (i.e.  it  can  be  described  by  thermodynamic  state  functions). 
The  same  parameters  are  also  involved  in  the  phenomena  associated  with  freeze 
tolerance  and  freeze  resistance  of  living  organisms.  Attempts  to  rationalize 
such  phenomena  in  terms  of  equilibria  (e.g.  so-called  water  binding)  may  pro¬ 
vide  acceptable  correlations  but  are  futile  and  can  be  shown  to  be  so. 

Before  applying  the  tools  which  were  developed  to  account  for  chemical  equi¬ 
libria,  e.g.  activity  and  activity  coefficients,  equilibrium  constants,  standard 
states,  cyclic  processes,  it  is  well  to  ensure  that  the  system  under  study  is  in 
fact  one  to  which  such  methods  can  be  applied.  Usually  it  is  not,  and  there  are 
several  classic  examples  of  the  absurd  conclusions  to  which  such  simplistic 
reasoning  can  lead.  Even  the  laws  of  irreversible  thermodynamics  are  usually 
not  applicable,  because  the  raetastable  states  involved  in  physiology  and  tech¬ 
nology  are  far  removed  from  equilibrium.  However,  a  better  appreciation  of  the 
kinetic  aspects  of  metastability  will  help  to  provide  a  proper  theoretical  basis. 
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Symposium  on  Nucleic  Acld-Protein  Interactions 

CRYSTALLOGRAPHIC  STUDIES  OF  NUCLEIC  ACID/PROTEIN  INTERACTIONS. 

B.W.  Matthews,  Institute  of  ttolecular  Biology  and  Department  of  Physics, 
University  of  Oregon,  Eugene,  Oregon 

The  structures  of  three  proteins  that  regulate  gene  expression  have  been 
determined  recently  in  different  laboratories  and  suggest  how  these  proteins 
may  bind  to  their  specific  recognition  sites  on  the  DNA  (Takeda  et  al.  Science 
(1983)  221 ,  1020-1026).  One  protein  (Cro)  is  a  repressor  of  gene  expression, 
the  second  (CAP)  usually  stimulates  gene  expression  and  the  third  (X  repressor) 
can  act  as-  either  a  repressor  or  activator.  Each  of  the  proteins  is  dimeric 
and  contains  a  pair  of-tworfold-related  o-helices  that  could  be  placed  within 
successive  major  groves  of  the  DNA. 

The  three  proteins  contain  a  substructure  consisting-  of  two  consecutive 
a-helices  that  is  virtually  identical  in  each  case.  Structural  and  amino  acid 
sequence  comparisons  suggest  that  this  blhelical  fold  occurs  in  a  number  of 
proteins  that  regulate  gene  expression.  DNA-protein  recognition  appears  to  be 
based  primarily  on  a  network  of  hydrogen  bonds  as  well  as  other  interactions 
between  side-chains  of  the  protein  and  the  parts  of  the  base-pairs  exposed 
within  the  major  groove  of  the  DNA. 

It  appears  that  the  DNA  maintains  a  right-handed  Watson-Crick  B-form  when 
either  Cro,  CAP  or  X  repressor  is  bound,  although  some  bending  or  other 
deformation  may  occur.  In  addition  to  the  crystallographic  structure 
determinations,  independent  evidence  for  the  modes  of  interaction  of  the  three 
proteins  with  DNA  has  come  from  chemical  modification  studies,  from  NMR,  from 
the  analysis  of  mutant  proteins  and  from  electrostatics  calculations. 
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Symposium  on  Nucleic  Acid-Protein  Interactions 


INTERACTIONS  BETWEEN  TRANSFER  RNAs  AND  AMINOACYL-tRNA  SYNTHETASES  :  STRUCTURAL 
ASPECTS. 

R.  GIE^,  C.  FLORENTZ,  D.  KERN,  B.  LORBER,  P.  ROMBY,  V.V.  VLASSOV,  J.P.  EBEL, 
ZACCAl  *,  J.C.  THIERRY  and  0.  MORAS,  Institut  de  Biologie  Moleculaire  et 
Cellulaire  du  CNRS,  15  rue  Descartes,  Strasbourg,  France 

Aminoacyl-tRNA  synthetases  catalyse  the  specific  attachment  of  aminoacids 
to  their  cognate  tRNAs  in  a  process  which  partly  governs  the  correctness  of 
protein  biosynthesis.  The  aspartic  acid  system  from  the  yeast  Saccharomyces 
cerevisiae,  formed  by  tRNA^^P  (a  short  extra-loop  tRNA;  MW=24,160)  and 
aspartyl -tRNA  synthetase  (aa^  dimeric  enzyme  v/ith  2  binding  sites;  MW=125,000) 
was  chosen  as  a  model  for  “^studying  the  protein-nucleic  acid  interactions 
because  both  macromolecules  have  been  crystallized  and  the  three-dimensional 
structure  of  the  tRNA  is  known  at  high  resolution  (Moras,  Comarmond,  Fischer, 
Weiss,  Thierry,  Ebel  and  Giege,  Nature,  286,  1980  ,  669-674).  Structural  data 
will  be  compared  to  those  obtained  in  the  phenylalanine  and  valine  systems 
where  the  synthetases  are  of  tetrameric  (ap6„;  MW=270,C100)  and  monomeric  (ot; 

MW=1 30,000)  nature,  respectively. 

The  phosphate  reactivity  tov/ards  ethylnitrosourea  of  native  tRNA  was 
compared  to  that  of  tRNA  (Dound  to  synthetases.  The  methodology  involves  end¬ 
labelling  of  tRNA,  statistical  alkylation  splitting  of  the  RNA  chain  at  the 
modified  positions,  and  monitoring  of  the  modification  patterns  by  rapid 
sequencing  gels.  Protections  by  the  different  synthetases  were  essentially 
found  in  the  anticodon  stem  and  loop  of  the  tRNAs.  The  exact  localizations  of 
the  protected  phosphates  are.system  dependent  :  5’  side  in  tRNA^^?.  3'  side  iii 
tRNA*“  ,  both  sides  in  tRNA^"  .  Other  protected  phosphates  in  tRNA"*P  are  found 
at  the  junction  of  the  5'  side  of  the  aminoacid  acceptor  stem  with  the  D-stem, 
in  the  extra-arm  and  the  5'  side  of  the  T-stem.  The  chemical  approach  did  not 
allow  to  detect  conformational  changes  in  complexed  tRNAs.  Experiments  with  the 
tRNA-like  structure  of  turnip  yellow  mosaic  virus,  efficiently  chargeable  by 
valyl-tRNA  synthetase,  emphasize  (i)  the  importance  of  the  anticodon  stem  in 
recognition  dl^e  most  important  interaction  sites  occur  at  similar  positions 
than  in  tRNA^®  ),  (ii)  the  non-absolute  requirement  of  the  canonical  structure 
of  the  aminoacid  accepting  stem  in  this  process  (the  tRNA-like  structure 
possesses  an  additional  loop  at  its  3'  terminus). 

Contrast  variation  experiments  by  small  angle  neutron  scattering.indicate 
different  structural  organizations  in  tRNA/synthetase  complexes.  tRNA^^P  binds 
at  the  surface  of  aspartyl -tRNA  synthetase  while  tRNA’“  is  hurried  in  valyl- 
tRNA  synthetase. 

Binding  of  tRNA  and  tRNA-like  structures  to  synthetases  in  the  presence  of 
high  amount  of  atmionium  sulfate  (“2M)  has  been  demonstrated  by  different 
physical  methods.  It  was  shown  that  the  tRNA  aminoacylation  activity  remains 
efficient  under  these  conditions.  Control  experiments  confirmed  that  NaCl  or 
KCl  at  high  concentration  abolish  binding  and  aminoacylation  activities.  These 
results  suggest  that  besides  electrostatic  effects,  hydrophobic  interactions 
can  stabilize  functional  tRNA/synthetase  complexes. 

Advantage  of  the  anrnonium  sulfate  effects  has  been  taken  to  crystallize 
the  complex  between  aspartyl-tRNA  synthetase  and  two  molecules  of  tRNA^^P 
(Lorber,  Giege,  Ebel,  Berthet,  Thierry  and  Moras,  J.  Biol.  Chem.  258,  1983, 
8429-8435).  The  cubic  crystals  (space  group  1432,  a=354A),  “lilthough 

particularly  soft,  are  suitable  for  diffraction  studies  up  to  7A  resolution. 


*Institut  Laue  Langevin,  Grenoble,  France 
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THE  STRUCTURE  OF  LAC  REPRESSOR  HEADPIECE  AND  ITS  INTERACTION  WITH 
LAC  OPERATOR  DNA:  A  NMR  VIEW. 

R.  Kaptein,  E.R.P.  Zuiderweg,  W.F.  van  Gunsteren,  R.  Boelens  and  R.M.Scheek, 
Dept,  of  Physical  Chemistry,  University  of  Groningen,  Groningen, the  Netherlands. 

With  the  aim  of  investigating  the  nature  of  specific  protein-DNA  interactions 
we  have  embarked  on  a' NMR  study  of  the  DNA  binding  domain  (headpiece)  of  lac 
repressor  and  its  interaction  with  synthetic  lac  operator  DNA  fragments.  No 
crystal  structures  are  available  for  these  molecules.  Employing  two-dimensional 
(2D)  NMR  spectroscopy  v/e  have  assigned  ca.95%  of  the  backbone  amide  and  C^ 
protons  and  the  majority  of  the  side  chain  protons  of  the  headpiece  (collaboration 
with  K.  Wuthrich). 

In  the  ^H  2D  NOE  spectrum  approximately  200  NOE  (Nuclear  Overhauser 
Enhancement).,  cross  peaks  could  be  assigned  to  specific  pairs  of  protons.  These 
NOE's,  which  occur  only  between  protons  which  are  separated  by  less  than  ca.  4^ 
provide  the  basis  for  a  determination  of  the  solution  structure  of  the  headpiece. 

The  following  procedure  was  used.  First,  the  secondary  structure  was 
delineated  from  the  distance  constraints  set  by  the  NOE's.  it  appears  that  the 
headpiece  contains  three  a-helices  (segments  6-12,  17-25  and  35-45)  connected 
by  regions  of  irregular  structure.  Then  a  crude  model  for  the  3D  structure  was 
constructed,,  which  satisfies  most  of  the  distance  constraints.  The  next  step  is 
the  refinement  of  this  crude  structure.  For  this  we  have  devised  a  method  based 
on  the  molecular  dynamics  (MD)  procedure  in  which  the  conventional  potential 
energy  terms  were  augmented  by  quasi-potentials  forcing  the  molecule  to  satisfy 
the  NOE  distance  constraints.  After  a  25  ps  MD  run  a  significantly  improved 
structure  was  obtained  which  is  compatible  with  95%  of  the  distance  constraints. 

This  structure  shows  a  high  degree  of  homology  with  cl  repressor  of  bacterio¬ 
phage  lambda  for  which  a  crystal  structure  has  been  determined. 

A  particularly  interesting  feature  is  that  the  second  a-helix  contains  several 
polar  surface  residues,  that  are  well  positioned  to  act  as  hydrogen  bond  donors 
or  acceptors  in  a  complex  with  DNA.  Recent  photo-CIDNP  NMR  studies  support 
earlier  genetic  evidence  that  amino  acid  residues  in  this  helix  are  involved  in  DNA 
recognition. 
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CLUSTERED  INTRINSIC  CONNECTIONS  AND  FUNCTIONAL  ARCHITECTURE  OF  THE  VISUAL 
CORTEX.  T.N.  Wiesel .  C.D.  Gilbert,  0.  Ts'o,  Laboratory  of  Neurobiology,  The 
Rockefeller  University,  New  York,  NY,  USA. 

The  intrinsic  connections  of  the  cortex,  have  long  been  known  to  run 
vertically,  across  the  cortical  layers.  We  have  found  that  individual  neurons 
in  the  cat  primary  visual  cortex  can  communicate  over  surprisingly  long 
distances  horizontally  (up  to  4  mm),  in  directions  parallel  lo  the  cortical 
surface. •  For  all  of  the  cells  having  widespread  projections,  the  collaterals 
within  their  axonal  fields  were  distributed  in  repeating  clusters,  with  an 
average  periodicity  of  about  1  mm.  This  pattern  of  extensive  clustered 
projections  has  been  revealed  by  combining  the  techniques  of  intracellular 
recording  and  injection  of  horseradish  peroxidase  with  three-dimensional 
computer  graphic  reconstructions.  The  clustering  pattern  was  most  apparent  when 
the  cells  were  rotated  to  present  a  top  view  of  the  cortex.  The  axonal  fields 
of  all  our  injected  cells  were  asymmetric,  extending  for  greater  distances  along 
one  cortical  axis  than  along  the  orthogonal  axis.  When  axons  projected  to  more 
than  one  layer,  the  clusters  in  the  deeper  layer  tended  to  be  located  under 
those  in  the  upper  layer,  suggesting  a  relationship  between  the  clustering 
phenomenon  and  columnar  cortical  architecture. 

We  have  begun  experiments  to  investigate  the  relationship  between  the 
physiological  connectivity  of  pairs  of  cells,  as  shown  by  cross-correlation 
methods,^  and  the  cells'  receptive  fields  properties.  Recordings  in  cat  and 
monkey  striate  cortex  from  two  independently  manipulated  extracellular 
electrodes  were  processed  by  window  discriminators  and  fed  into  a  digital 
computer  programmed  to  perform  real-time  auto-  and  cross-correlations  with  high 
temporal  resolution.  The  first  step  v/as  to  map  the  orientation  columns 
elecirophysiologically  in  a  limited  region  of  cortex.  Using  one  roving 
electrode  and  one  fixed  electrode,  this  map  provided  a  systematic  means  for 
studying  connectivity  between  spatially  separate  regions  of  various  orientation 
specificities.  Preliminary  results  in  both  the  monkey  and  the  cat  showed  that 
units  separated  by  .2  mm  or  more  with  overlapping  receptive  fields  but  differing 
in  recpptive  field  properties  such  as  orientation,  ocular  dominance  or 
directionality  had  responses  which  tended  not  to  be  correlated.  At  these 
distances,  pockets  of  units  exhibiting  correlated  firing  had  receptive  field 
properties  that  matched.  Hov/ever,  not  all  regions  of  units  with  matching 
receptive  field  properties  showed  correlated  responses.  The  correlograms 
obtained  suggest  that  horizontal  interactions  at  these  distances  are  excitatory. 
These  findings  provide  physiological  evidence  for  a  functional  contribution  of 
horizontal  connections  and  are  consistent  with  anatomical  demonstrations  of  the 
clustered  nature  or  horizontal  connectivity  in  the  visual  cortex. 

1.  Gilbert,  C.D.,  Wiesel,  T.N.,  J.  Neuroscience  3:1116-1133,  1983. 

2.  Perkel,  H.,  Gerstein,  G.L.,  and  Moore,  G.P.,  Biophysical  J.  7:419-440, 
1967. 

This  work  was  supported  by  National  Institutes  of  Health  Grants  NS16189, 

EY05253,  and  EY07042. 
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CEREBELLAR  NEURONAL  MECHANISMS  OF  VISUO-MOTOR  CONTROL 

Masao  Ito  Department  of  Physiology,  Faculty  of  Medicine,  University  of  Tokyo, 
Bunkyoku,  Tokyo,  Japan 

Visual  information  is  conveyed  by  numerous  subcortical  and  cortical 
pathways  and  serves  various  types  of  motor  control,  ranging  from  reflexes  to 
voluntary  movements.  It  provides  a  stimulus  which  drives  a  motor  system  to 
perform  a  movement  on  one  hand,  but  it  also  serves  for  feeding  back  the 
end-effect  of  a  perforriied  movement  to  the  motor  system  on  the  other.  The  visual 
feedback  would  exert  two  different  actions  on  the  motor  system;  it  acts  to 
correct  instantaneously  any  erroneous  performance  of  the  motor  system  in  the 
manner  of  feedback  control,  or  it  acts  to  modify  the  dynamic  characteristics  of 
the  motor  system  toward  improvement  of  its  performance  in  the  manner  of  adaptive 
control.  These  multiple  roles  of  visual  information  in  motor  control  are 
typically  represented  in  the  neuronal  mechanisms  of  cerebellar  control  of 
movements.  For  example,  the  optokinetic  response  (OKR)  is  a  reflex  eye  movement 
which  follows  a  relatively  slow  movement  of  the  visual  surroundings.  It  is  a 
typical  negative  feedback  control  where  visual  information  provides  both  the 
driving  stimulus  and  the  negative  feedback.  The  brain  stem  pathway  for  this 
reflex  is  attached  with  a  sidepath  through  the  cerebellar  flocculus  which 
receives  visual  information  through  mossy  fiber  afferents  and  which  in  turn 
sends  ouput  signals  of  Purkinje  cells  to  relay  cells  of  the  reflex.  This 

flocculus  sidepath  is  provided  with  another  visual  input  through  climbing  fiber 
afferents.  The  author  proposes  that  retinal  slip  signals  conveyed  by  the 
climbing  fiber  pathway  represene  control  error  signals  involved  in  the 
performance  of  the  OKR  and  that  barrage  of  visual  climbing  fiber  signals  leads 
to  modification  of  signal  transfer  characteristics  across  the  flocculus  sidepath 
and  consequently  to  modification  of  the  dynamic  characteristics  of  the  whole  OKR 
system.  This  hypothesis  is  consistent  with  the  modifiable  neuronal  network 
model  proposed  by  Marr  (1969)  and  Albus  (1971),  and  is  supported  by  three  lines 
of  experimental  data;  l)  responsiveness  of  Purkinje  cells  to  mossy  fiber  inputs 
undergoes  a  long-term  depression  when  the  mossy  fiber  signals  collide  with 
climbing  fiber  signals  on  the  same  Purkinje  cells  (Ito,  Sakurai  and  Tongroach, 
1982) ;  2)  ablation  of  the  flocculus  abolishes  adaptive  modification  of  the  OKR 
that  normally  occurs  under  sustaned  optokinetic  stimulation  (Nagao,  1983);  3) 
responsiveness  of  floccular  Purkinje  cells  to  optokinetic  stimuli  is  modified  in 
parallel  with  the  adaptive  modification  of  the  OKR  (Nagao,  198A).  Similar  role 
of  the  visual  climbing  fiber  signals  is  apparent  in  another  system  for  the 
vestibulo-ocular  reflex  (VOR)  which  is  driven  by  vestibular  signals  and  which 
operates  without  feedback.  Vision  serves  the  VOR  system  only  through  a  climbing 
fiber  pathway  by  modifying  the  signal  transfer  characteristics  of  the  floccular 
sidepath  attached  to  the  VOR  arc  (Ito,  1972).  Ample  experimental  evidence  is- 
now  available  for  this  flocculus  hypothesis  of  the  VOR  control  (Ito,  1982).  The 
adaptive  control  system  model  of  the  cerebellum,  developed  in  studies  of  the  VOR 
and  OKR,  may  be  extended  to  account  for  other  types  of  visuo-motor  control  such 

as  saccades,  eye-head  coordination  and  smooth  pursuit  eye  movements.  Similar 

consideration  may  apply  to  visually  guided  pointing  and  tracking  movements  which 
represent  goal-oriented  voluntary  motor  control.  Central  pathways  dedicated  to 
these  controls  are  more  complex  than  reflex  arcs.  Nevertheless,  reviewing  of 
accumulated  anatomical  data  on  afferent  and  efferent  connections  of  the 
cerebellum  suggests  that  these  central  pathways  are  equipped  with  modifiable 
cerebellar  sidepaths  which  are  calibrated  according  to  control  error  signals 
conveyed  by  climbing  fiber  pathways.  The  adaptive  control  system  model, 

however,  is  unsatisfactory  for  accounting  for  the  motor  learning,  i.e., 

progressive  improvement  of  voluntary  motor  control  through  repeated  trials. 
Such  progressive  improvement  can  be  achieved  only  with  the  aid  of  a  memory 
device  which  stores  information  from  preceding  trials,  in  addition  to  adaptive 
mechanisms  which  refer  only  to  experiences  within  a  trial.  Identification  of 
neural  structures  devoted  to  such  memory  device  is  an  interesting  subject  of 
cerebellar  physiology. 
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Symposium  on  Processing  and  Controi  of  Visual  Information 

A  TEXTON  THEORY  OF  PREATTENTIVE  VISION  AND  TEXTURE  PERCEPTION 
B.  Julesz,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ,  USA 

When  the  human  visual  system  is  prevented  from  detailed 
scrutiny  by  presenting  patterns  for  a  brief  duration  or  by  over¬ 
loading  the  system  with  an  aggregate  of  patterns  (textures)  only 
the  preattentive  mode  of  vision  operates  (Julesz  &  Bergen,  1983). 
This  preattentive  visual  system  cannot  process  complex  forms,  yet 
can,  almost  instantaneously,  regardless  of  the  number  of  patterns, 
thus  parallel,  detect  differences  in  a  few  local  conspicuous 
features  across  the  entire  visual  field.  These  features,  called 
"textons"  (Julesz,  1980,1981),  are  elongated  blobs  (e.g.  rectan¬ 
gles,  ellipses,  or  line  segments)  with  specific  properties,  in¬ 
cluding  color,  angular  orientation,  width,  length,  binocular  and 
movement  disparity,  and  flicker  rate.  Although  many  of  these 
textons  resemble  the  "trigger  features"  of  cortical  neurons  or 
the  "conspicuous  features"  proposed  by  psychologists  and  research¬ 
ers  in  artificial  intelligence,  they  have  been  isolated  during  20 
years  of  research  using  statistically  constrained  textures.  This 
research  showed  that  texture  discrimination  cannot  be  the  result 
of  stochastic  or  topological  processing,  but  must  be  based  on  local 
processing  by  texton  detectors.  For  line  segments,  their  ends-of- 
lines  (terminators)  and  their  crossings  are  also  textons.  Only 
differences  in  the  textons  or  in  their  density  (number)  can  be 
preattentively  detected,  while  the  positional  relationship  between 
neighboring  textons  passes  unnoticed.  This  kind  of  exact  posi¬ 
tional  information  is  the  essence  of  form  perception,  and  can  be 
extracted  only  by  a  time-consuming  and  spatially  restricted  process 
that  is  called  "focal  attention"  (Julesz  &  Bergen,  1983;  Treisman  & 
Gelade,  1980).  The  aperture  of  focal  attention  can  be  very  narrow, 
even  restricted  to  a  minute  nortion  of  the  fovea,  and  shifting  this 
aperture  around  requires  about  50  msec  (i.e.  four  times  faster  than 
scanning  with  eye  movements).  Thus  preattentive  vision  points  out 
those  loci  of  texton  differences  that  should  be  attended  to.  Only 
in  the  aperture  of  focal  attention  are  the  adjacent  textons  glued 
together,  yielding  unlimited  number  of  forms.  Accordingly,  the 
preconscious  system  of  preattentive  vision  contains  basic 
elements,  the  textons,  while  the  conscious  system  of  attention, 
limited  to  a  narrow  aperture,  has  no  elements  since  any  shape  in 
this  aperture  can  be  learned  and  recognized. 

B.  Julesz,  Spatial  Nonlinearities  in  the  Instantaneous  Percep¬ 
tion  of  Textures  with  Identical  Power  Spectra,  Phil.  Trans.  R. 

Soc.  Lond.  B,  290  (1980),  pp.  83-9A. 

B.  Julesz,  Textons,  the  Elements  of  Texture  Perception,  and 
Their  Interactions,  Nature  290  (March  12,  1981),  pp.  91-97. 

B.  Julesz  &  J.  R.  Bergen,  Textons,  Che  Fundamental  Elements  in 
Preattentive  Vision  and  Perception  of  Textures,  Bell  Syst.  Tech.  J. 
62,  No.  6,  July-August,  1619-1645  (1983). 

A.  Treisman  &  G.  Gelade,  A  Feature-Integration  Theory  of 
Attention,  Cognitive  Psychol.  12  (1980),  pp.  97-136. 
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Symposium  on  Connective  Tissue  and  Bone 

STRUCTURE  OF  COLLAGEN  IN  ANIMAL  CONNECTIVE  TISSUE 

A  Miller,  Biochemistry  Department,  Edinburgh,  E  Y  Jones,  Molecular 
Biophysics  i.aboratory,  Oxford,  R  D  B  Fraser,  T  P  Macrae  i  E  Suzuki, 

CSIRO,  Melbourne. 

The  different  genetic  types  of  collagen  will  be  described  as 
will  the  structure  of  the  triple  helical  molecule  as  refined  from 
X-ray  fibre  diffraction  data.  Then  the  problem  of  determination 
of  molecular  arrangement  in  native  tissues  will  be  discussed.  The 
various  models  proposed  for  molecular  arrangement  of  type  I  collagen 
will  be  compared  and  an  account  given  of  the  quasi-hexagonal  model. 

A  detailed  analysis  of  the  X-ray  diffraction  patterns  from  native 
type  I  collagen  fibres  will  be  used  to  provide  a  quantitative 
description  of  the  quasi-hexagonal  model.  Parameters  such  as 
molecular  positions,  azimuthal  orientation  and  axial  shift  can  be 
estimated  from  the  diffraction  patterns.  These  parameters  refer 
to  the  helix  main-chain.  Side-chain  conformations  can  then  be  built 
in  by  molecular  graphics  and  the  predicted  X-ray  pattern  for  the 
complete  model  compared  with  the  observed  pattern. 
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Symposium  on  Connective  Tissue  and  Bone 

STRUCTURAL  STUDIES  OF  PROTEIN-MINERAL  RELATIONSHIPS  IN  CALCIFIED 
CONNECTIVE  TISSUES. 

M.  Traub,  S.  Weiner  and  A.  Jodaikin,  Weizmann  Institute  of  Science,  Rehovot, 
Israel  and  Y.  Talmon,  Technion,  Haifa,  Israel. 

Over  40  different  minerals  have  been  identified  in  biological  systems, 
involving  some  30  different  phyla.  Biomineralised  tissues  are  generally 
formed  by  the  initial  elaboration  of  an  organic  matrix,  consisting  mainly 
of  proteins,  and  the  subsequent  growth  in  it  of  mineral  crystals 
characteristic  of  the  tissue.  We  have  been  studying  the  structures  of  such 
matrices  and  their  roles  in  mediating  mineralisation  in  a  variety  of  animals, 
using  mainly  X-ray  and  electron  diffraction. 

Proteins  in  shells  of  the  three  main  classes  of  molluscs  were  found 
to  form  6-pleated-sheet  structures  and  show  the  same  specific  alignment 
of  protein  chains  with  aragonite  crystal  axes.  Proteins  in  rat  tooth  enamel 
also  contain  6  pleated  sheets,  which  show  a  structural  alignment  with  the 
hydroxyapatite  crystals.  The  proteins  in  these  and  other  mineralised 
tissues  comprise  two  major  classes;  one  composed  of  predominantly  non-polar 
amino  acid  residues,  which  may  serve  as  a  framework,  and  the  other,  rich 
in  acidic  and  polar  residues,  which  may  serve  to  determine  the  specific 
structure  and  microarchitecture  of  the  mineral  crystals.  Our  structural 
results  suggest  that  the  acidic  proteins  may  include  nucleation  sites 
where  mineral  crystallites  are  formed  by  epitaxial  growth. 
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Symposium  on  Connective  Tissue  and  Bone 

COLLAGENS,  MULTIDOMAIN  GLYCOPROTEINS  AND  PROTEOGLYCANS  OF  THE  BASEMENT  MEMBRANE. 

J.  Engel,  R.  Timpl  and  H.  Hermann,  University  of  Basel,  Klingelbergstrasse  70, 
Basel/Switzerland  and  Max-Planck-Institut  fur  Biochemie,  Martinsried  b.  Miinchen/ 

Germany. 

Basement  membranes  are  extracellular  30  to  ISOnm  thick  sheet-like  structures 
which  separate  epithelia  cell  layers  from  connective  tissue  and  surround  nerve 
and  muscle  cells.  They  serve  as  scaffolds  for  forming  and  maintaining  cellular 
organization  and  tissue  structure,  act  as  barriers  for  cells  and  large  proteins 
but  allow  filtration  of  small  molecules.  Basement  membranes  consist  of  collagens, 
glycoproteins  and  proteoglycans.  Various  electron  microscopic  techniques  (rotary 
shadowing,  negative  staining,  scanning  transmission  microscopy)  as  v/ell  as 
physical  measurements  in  solution  (sedimentation,  diffusion,  sedimentation  equi¬ 
librium,  light  scattering)  were  applied  for  an  elucidation  of  the  shapes,  domain 
organization  and  assembly  of  these  components.  A  general  approach  was  the  frag¬ 
mentation  of  the  large  multidomain  proteins  by  limited  digestion  with  proteinase. 

Circular  dichroism  and  thermal  melting  profiles  helped  to  discriminate  domains 
of  different  conformation. 

The  major  basement  membrane  collagen  IV  consists  of  a  N-terminal  short 
(60  nm)  triple  helical  segment  which  is  separated  from  the  330  nm  long  main 
collagen  helix  by  a  short  non  collagneous  region.  The  main  helix  is  terminated 
by  a  35  kOa  globular  domain.  Collagen  IV  forms  a  chicken-wire  like  net-work  by 
an  anti  parallel  association  of  the  N-terminal  helices  of  four  monomers  and  the 
C-terminal  globules  of  two  monomers.  Flexible  regions  in  collagen  VI  and  its 
assembly  products  wero  localized  by  a  newly  developed  analysis  of  electron 
micrographs. 

An  abundant  non-col lagneous  protein  is  laminin  (looo  kOa)  which  consists  of 
three  200  kOa-  and  one  400  kDa-chains.  Laminin  has  the  shape  of  an  asymmetric 
cross  with  three  short  (36  nm)  arms  and  a  long  (77  nm)  arm.  Rod- like  segments 
and  seven  globular  domains  were  distinguished  and  partially  isolated  by  frag¬ 
mentation.  Various  domains  exhibited  different  types  of  secondary  structure.  For 
example  rod- like  segments  of  the  long  arm  were  a-helical  whereas  the  domain  at 
the  tip  of  the  long  arm  exhibited  ^-structure.  The  latter  bound  heparin  and 
heparan  sulfate  proteoglycan  and  a  globular  domain  originating  from  a  short  arm 
exhibited  cell  binding  activity.  The  elongated  and  flexible  structures  of  laminin 
and  a  functionally  related  protein  fibronectin  are  well  suited  for  bridging 
distant  binding  sites  located  at  collagen  glycosaminoglycans,  cell  surfaces  and 
other  components.  Fibronectin  (440  kOa)  consists  of  two  almost  identical  flexible 
arms  v/hich  are  disulfide  linked  at  their  C-terminal  end.  Each  arm  is  composed  of 
about  30  (!)  small  domains  of  4  to  10  kOa.  PH  and  ionic  strength  dependent 
changes  of  shape  were  observed  and  explained  by  internal  association  of  segments 
of  rather  different  isoelectric  point  in  the  same  molecule.  Recently  a  small 
proteoglycan  (130  kDa)  of  the  basement  membrane  was  isolated.  It  was  found  to 
consist  of  four  to  five  heparan  sulfate  chains  connected  to  a  small  (5  to  10  kDa) 
protein  core  and  interacted  with  laminin  and  the  globular  domain  of  collagen  IV. 

Engel,  J.,  Odermatt,  E.,  Engel,  A.,  Hadri,  J.A.,  Furthmayr,  H.,  Rohde,  H.  and 
Timpl,  R.,  J.  Mol.  Biol.  97-120  (1981) 

Hofmann,  H.,  Voss,  T.,  KUhn,  K.  and  Engel,  J.,  0.  Mol.  Biol.  J72,  325-343  (1984) 

Marcovic,  Z.,  Lustig,  A.,  Engel,  J.,  Richter,  H.  and  Hermann,  H.,  Hoppe-Seyler's 
Z.  Physiol.  Chem.  1795-1304  (1983).  , 

lleber,  S.,  Engel,  0.,  Wiedemann,  H.,  Glanville,  R.VJ.  and  Timpl,  R.,  Eur.  J.  i 

Biochem. ,  in  press.  I 
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SPECIFIC  DNA-BOUND  LIPIDS  AS  POSSIBLE  LINKERS 
BETWEEN  DNA  SUBUNITS  AND  SITES  OF  APPLICATION 
OF  IONISING  RADIATION 

N . B . Strazhcvskaya ,  Inst.  Biol.  Physics,  USSR  Acad. 
Sci, ,  Pushchino,  USSR 

Using  the  nothods  of  viscosinctry,  scdimGnca- 
tion, light  scattering, circular  dichroisn,  mlcro- 
calorinctry,  thin  layer  chromatography  it  was 
shown:  1.  The  presence  of  chroosonal  lipids,  con- 
position  of  which  depends  on  the  activity  of  the 
genene, in  supramolecular  DNA  (SM  DNA) ,  isolated 
frem  various  eukaryotic  cells  (rat,  mouse,  pigeon, 
loach,  cancer).  2.  Participation  of  those  lipids, 
in  particular  cardlolipln,  in  regulation  of  SM  DNA 
transcription.  3.  An  important  role  of  these  lipids 
in  organization  of  SM  systems  of  DNA:  enzymatic 
removal  of  lipids,  but  not  proteins,  from  SM  DNA  of 
various  eukary^ic  cells  results  in  a  release  of  DNA 
subunits  of  size  lOO.lO^Da,  which  is  close  to  the 
size  of  replicon.  4.  Radiation  effect  in  vivo  is 
realized  in  lipid  component  of  SM  "'NA  with  high 
ycild  (104  lipid  molecules  per  lOo  ov)  and  accom¬ 
panied  with  a  release  of  DNA  subunits  with  m.w.  of 
100*l0°Da.  It  was  suggested  that  lipids  in  SM  DNA 
are  an  essential  structural-fuKCtlonal  component 
and  may  be  linkers  between  DNA  subunits,  and  play 
an  important  role  in  realization  of  radiation 
effect  in  vivo. 
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THE  ROLE  OF  HISTONE  HI*  IN  CHROMATIN  STRUCTURE 
J.L.  Cira^et.  J.  Roche  and  C.  Gorka,  DRF/BMC,  CEN/C, 
Grenoble  (Franee) 

The  structural  role  of  111*  is  studied  by  ncans  of 
nelting  expcrloents,  circular  dichroisa,  light 
scattering  and  nuclease  digestion.  Chromatin  saeples 
ore  obtained  from  liver  of  adult  douso,  adult  rat  and 
new-born  oousc,  where  HI*  represents  respectively  20 
7  %  and  3  X  of  total  histones  HI. 

The  melting  experiments  ond  the  determinaticn  of  the 
repeat  length  do  not  show  any  significant  differences 
for  the  three  kinds  of  chromatins.  However,  the  winding 
of  DNA  dhtorained  by  the  molar  eUtptlcity  at  232  nm, 
as  well  as  the  ability  of  chromatin  to  condense  upon 
the  effect  of  ionic  strength  are  function  of  the  HI* 
amount. 

These  data  suggest  that  the  differences  observed 
between  the  mieroeoccal  nuclease  activity  when  III*  is 
present,  are  related  to  an  Increased  condensation 
induced  by  HI*.  An  apparent  discrepancy  with  the 
results  obtained  on  recanstituted  chromatin  samples  is 
explained. 
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DISTRIBUriOII  OF  TISSUE  SPECIFIC  TIGHTLY  BOUND  NON¬ 
HISTONE  PROTEINS  IN  REPEATING  STRUCTURE  OF  CHRaiA- 
TIN 

F.Alticri,  P.ALlcgra,  R.I.Lonlgro  and  P.Cnlafa 
Institute  of  Biochemistry,  Faculty  of  Pharmacy, 
University  of  Rome,  Italy,  and  Center  of  Molecular 
Biology,  Conslgllo  Nazlonale  dellc  Riccrchc 

Tightly  bound  non-hlstonc  proteins  have  been 
extracted  £r(xn  idiolc  chromatin  and  core  particles 
prepared  from  pig  liver  and  kidney.  Vc  have  in¬ 
vestigated,  by  bldlmcnslonal  gel  electrophoresis, 
the  distribution  of  this  protein  class  In  the  re¬ 
peating  structure  of  chromatin.  Our  results  reveal 
that  non-hlstonc  proteins  tightly  bound  to  DNA  arc 
an  heterogeneous  protein  class.  Some  of  them,  par- 
Cicularlv  In  the  core  particles,  appear  to  be  com¬ 
mon  for  both  tissues,  though  having  differences  in 
their  Isoelectric  point.  This  may  be  attributed  to 
postsynthctlc  modifications.  Vc  have  calculated 
Chat  only  10%  of  core  particles  arc  associated  with 
this  protein  class.  In  this  10%  fraction  there  is 
on  an  average  one  tightly  bound  protein  per  core 
particle.  Proteins  which  arc  surely  tissue  speclfld 
have  high  molecular  weight  (ranging  from  130,000 
to  70,000  in  liver  and  more  than  130,000  In  kidney) 
and  isoelectric  point  more  basic  in  kidney.  These 
proteins  arc  located  in  the  spacer  regions  and  that 
could  be  probably  related  to  the  regulative  role 
of  these  regions. 
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PHYSICAL  SrJOIES  OF  CHRaMAT IN-HIGHER  ORDER  STRUCTURE 
S.P.  Dunn,  J.P.  Baldwin,  B.G.  Carpenter,  H.M.E.  Rattle. 
O.Z.  Staynov  and  E.H.  Boulter.  Biophysics  Laboratory. 
Portsmouth  Polytechnic,  Khite  Svfan  Road,  Portsmouth.  U.K. 

Ho  have  studied  the  folding  of  polynucleoso.’ses  as  a 
function  of  ionic  strength  and  chain  length  by  neutron  and 
x-ray  scattering,  photon  correlation  soectroscopy,  and 
sedimentation.  Neutron  and  x-ray  results  on  long  (>50 
nucleosocie)  chains  may  be  sunoarised  as  follows: 


source  of 

ionic 

radius  of 

isass/unit  length 

material 

strength 

gyration 

(nucleosoaes/na) 

chicken 

40  NaCl 

10.2  na 

0.35 

erythrocyte 

80  ril  h'aCl 

11.3  no 

0.54 

1.2  R«  Kg’^* 

12.5  no 

0.8 

calf  thyous 

1.0  laH  Hg** 

10.8  no 

0.42 

1 .2  rM  Hg** 

11.3  no 

0.62 

Photon  correlation  ineasurenents  on  polynucleosones  of 
defined  lengths  froa  24-60  nucteosoires  agree  with  neutron 
scattering  results  in  indicating  a  spring-like  helical 
folding;  the  diaaeter  reoains  approximately  constant  with 
increasing  ionic  strength  above  20  na  NaCl,  but  with  pitch 
steadily  reducing  to  a  final  value  MO  na.  The  data  aay 
be  inter.''reted  in  terns  of  non-seqoential  arrangements  of 
the  nucleosooes  in  the  coil  as  in  the  ioodel  of  Staynov 
(Int.  J.  Biol.  Kacroool.  5  3-9  1983). 
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MICRCCALORIMETRIC  INVESTIGATION  OP  CKROliATIN, 
NUCLSOSOUS,  NUCESOSOME  CORE,  AND  DNA  D3NATUSATI0N 
PROCESS. 

J.R.Moaaselidze.  B.L.Andronlkashvili  and  Z.I.Chan- 
chalasbviii,  institute  of  Physics  Academy  of 
Sciences  of  the  Georgian  SSR,  Tbilisi,  USSR 

It  has  been  shown  that  the  character  of  no- 
nonuoleosome  and  nucleosome  core  particle  dena- 
turation  process  is  determined  to  a  considerable 
e>rtent  by  the  DNA  double  helix  length.  The  study 
of  QODonucleosone,  nucleosome  core  particle  and 
the  whole  chromatin  renaturation  process  allows 
to  suggest  that  they  all  have  different  donatu- 
ration  mechanisms.  The  thermodynamic  characteris¬ 
tics  of  nucleosome  DNA  and  poly  d(G-C)d(G-C)  have 
been  defined. 


tempezatuTs 
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THE  ROLE  OF  INTRACELLULAR  PROTEiNASES  IN  THE 
CELL  CYCLE  OF  EUKARYOTES 

P.Schaucr,  M.KopbeUk',  A.Suhar^,  J.Skrk^,  V.  Turk^ 
and  M.  Likar,  Institute  of  Microbiology,  Medical  Faculty. 
Ljubljana,  ^R.  Py§kovl6  Institute,  Zagreb,  Stefan 
Institute,  Ljubljana  ^Institute  of  Oncology,  Ljubljana, 
Yugoslavia 

Purified  intracellular  protcinases,  specifically  neutral 
serine  proteinase  and  cathepsin  H,  were  added  to  the  media 
of  Chinese  hamster  lung  fibroblasts  in  vitro.  In  one  series 
of  experiments  the  effect  of  added  proteinascs  on  the  speci¬ 
fic  activities  of  various  intracellular  proteinascs  was  ana¬ 
lysed.  It  was  demonstrated  that  addition  of  one  typo  of  pro¬ 
teinase  affects  not  only  the  level  of  activity  of  this  enzyme 
in  the  cell,  but  also  modif>-es  the  activity  of  other  intracel¬ 
lular  proteinascs. 

In  the  other  series  of  experiments  the  effects  of  added 
proteinases  on  the  colony  forming  ability  of  synchronized 
populations  of  Chinese  hamster  cells  was  measured  after 
various  durations  of  exposure  in  different  phases  of  cell 
cycle.  It  appears  that  both  neutral  serine  proteinase  and 
cathepsin  H  can  have  either  stimulatory  or  inhibitory  effect 
on  colony  formation,  depending  on  the  time  and  duration  of 
exposure. 
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DISTRIBUTION  OF  CYCLIC  AMP  PUOSPHODIESTKRiISE  OS 
PIG  LIVER  CHROMATIN 

G.  Luotdl . A. Ferx'aro .  F.  Rlva .  Departmenc  of  Cellular 
Biology. University  of  Camerino.  Institiite  of  Biolo 
gical  Chemistry. University  of  Roma  La  Sapicnza. 

CNR  Center  of  Molecular  Biology. Roma.  Italy 

In  view  of  the  possible  involvement  of  cyclic 
AMP  phosphodiesterase  In  the  regulation  of  chrome- 
tin  activity, the  localization  of  the  enzyme  was 
studied  in  different  chromatin  fractions. Fractions 
enriched  in  trascriptionaXly  active  chromatin  from 
whole  pig  chromatin  were  prepared  according  to 
Gottesfeld  et  al. Proc. Nat. Acad. Sci. (1974)71,2193, 
by  a  partial  hydrolysis  with  DNase  II. The  "active” 
fraction, which  accounted  for  47*  of  total  chromatin 
appeared  three  to  four  times  enriched  in  cyclic 
AMP  phosphodiesterase  activity  when  compared  to 
the‘'lnact5ve"fractlon. These  results  suggest  that 
this  en2>iac  takes  part  in  the  regulatory  mechanism 
of  chromatin  trascriptlon. 

Supported  by  grant  MPI 
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SOLVEOT  INTERACTIONS  IK  B12  COENZYME  CRYSTAL  HYDRATE. 

F.  Vovcllc,  J.K.  CoodleUov,  J.L.  Finney,  H.F.J.  Savage  and 
and  P.  Barnes,  Dcparcaent  of  Cryscallo^raphy  Birkbeck  College. 
University  of  London,  Malct  Street,  London  V'CI  7HX,  r.K. 

Both  ordered  and  disordered  solvent  networks  of  vitaeun  B)2 
coenzyse  crystal  hydrate  are  generated  by  Monte  Carlo  simula¬ 
tion  techniques.  Five  different  potential  energy  functions 
are  used  to  nodel  water-water  and  water-solute  interactions. 
Each  of  these  simulations  is  coapared  with  the  experiacntal 
structure  which  is  well  characterized  in  both  solvent  regions. 
The  results  are  analysed  in  tera  of  structural  properties  of 
water  network  such  as  tacan  water  oxygen  and  hydrogen  posi¬ 
tions,  coordination  of  each  water  aolccule  and  naxiaa  of  the 
probability  density  cap  (PD). 

The  following  is  found  :  (t)  Reasonable  dgreeaent  is  obtai¬ 
ned  between  predicted  and  experiaental  positions  ir.  the  orde¬ 
red  region  whatever  the  potential  function  used.  (2)  In  the 
disordered  channel  region,  only  EMPL*I  potential  reflects  the 
expetincntal  data.  O)  In  the  channel  region  different  hydro¬ 
gen  bond  networks  may  be  predicted  in  different  asvmmetric 
units  so,  it  is  essential  to  simulate  more  than  one  as>mr«cnc 
unit  to  look  at  the  disorder  in  the  solvent  region.  (-)  TT> 
maps  are  very  useful  for  picturing  the  disordered  regions, 
but  there  is  no  significant  difference  between  the  hydrogen 
bofd  networks  ca'.culated  from  average  predicted  solvt-nt  mole¬ 
cule  positions  and  those  obtained  from  the  naxir^  of  the  PD 
maps. 


009 

MICRO  RAKAN  SPECIROKETRI  OF  INTACT  CHINESE  HAMSIER 
CHROMOSOMES  J.  Gre^e,  F.F.M.  ds  Hul  and  A.G.M.  van  Welle, 
Department  ot  Applied  Physics,  Twente  University  oF  Tectino- 
looy,  P.O.  Box  217,  Enschede,  The  Netherlands. 

A  hooe-nade  Raman  inlcrospectroaieter  was  used  to  study 
pelleted  Chinese  hamster  chronosoaes  both  by  noraal  Raaan 
scattering  and  by  surface  enhanced  Raoa.n  scattering.  The 
chrooosooe  pellet  appeared  to  suffer  no  daaage  of  the 
focused  laser  bean  and  good  reproducible  spectra  could  be 
recorded  in  a  short  tine.  Froo  the  protein  part  of  the 
spcctrun  follows  that  a  considerable  contribution  froa  non¬ 
histone  proteins  is  present.  The  protein  conforaation  is  a 
oixture  of  «-heIix  and  random  coll  conforaation.  The  ONA  of 
the  chroaosones  is  in  the  B-conforaation,  no  indication  of 
the  presence  of  2-ONA  was  obtained.  Moreover  no  splitting  of 
the  1096  C!a*>  phosphate  backbone  stretch  vibration  was 
observed.  In  surface  enhanced  Rananscattcring  experiments 
cnhancenent  of  some  lines  could  be  shown.  Especially  the 
Raaan  lines  due  to  iWA  base  adenine  at  730  cm->  and  the 
Raaan  lines  due  to  adenine,  thyaine,  cytosine  and  guanine 
at  1310  -1365  ca*‘  showed  a  considerable  enhanceaent. 
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STRUCTURE  OF  THE  lEIRAMERIC  (H3/H4)2  M6  bp  AND  HEXAMERIC 
{H3/H4)2(H2A/H2B)i  146  bp  SU8-HUCLE0S0HAL  PARTICIES 
C.H.  Read,  J.P.  Baldwin  and  C.  Crane-Roblnson,  Biophysics 
Laboratories,  Portsaouth  Polytechnic,  St  Michael's  Building, 
White  Swan  Road,  Fortscxruth,  Hants,  UK. 

As  Bodels  for  intereediates  In  chroaatin  processing, 
tetraaeric  and  hexaaeric  particles  were  prepared  by  deple¬ 
tion  of  core  particles  using  250  cH  NaCl,  4K  urea  in  the 
presence  of  a  cation  exchange  resin,  followed  by  sucrose 
gradient  separation.  The  cooposition  of  the  depleted 
particles  was  deterained  by  histone/histone  crosslinking  and 
sediKntation  equilibria.  S^o.w  values  were  6.82  and 
9.08  S  respectively.  Soall  angle  neutron  scattering  froa 
the  tetraoer  showed  radii  of  gyration  Rg  of  0.14  and  protein 
to  be  5.02  and  3.47  na.  Rg  DNA  for  core  particles  was 
oeasured  as  4.98  na  and  it  is  concluded  that  this  depleted 
particle  is  as  compact  as  the  core  particle.  This  was  con- 
finaed  froa  calculation  of  the  oaxloua  dloension  of  the 
tetraoer,  12,5  no,  again  very  close  to  that  of  the  core 
particle.  Optical  oelting  of  tetraoer  particle  showed  54  bp 
strongly  bound  to  histone  and  -20  bp  oore  weakly  bound.  In 
the  hexaoer  an  extra  20  bp  are  strongly  bound  to  histone. 
Digestion  of  tetraoer  particles  both  unlabelled  and  5'- 
labclled  with  3?P,  using  DNase  I  and  nicrococcal  nuclease. 
Indicated  that  -70  bp,  centrally  located,  arc  partially 
protected.  Exonuclease  III  digests  tetraoer  particles  only 
slowly,  ioplylng  histone  contacts  at  the  ends  ot  the  BNA. 

He  conclude  that  the  tetraoer  particle  has  19/4  turns  of 
superhellcal  ONA  with  the  histone  bound  to  the  central  70  bp 
plus  about  10  bp  at  each  end  of  the  ONA. 
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PERIURBATIO.N  OF  D.NA  REPLICATION  B1  SOPH'!  APSEMIE 

F.H.Ycw  and  P.T.Ych,  Dept,  of  Pooloqy,  National 
Taiwan  Uniicrsit)  Taipei,  Taiwan,  ROC, 

Sodiua  arsenitc  is  known  to  raise  sister  cbronatid 
exchange  rate  in  cultured  cells  and  to  cause  cancer 
inhuoan.  It  also  acts  synergisticalli  with  I'N  and 
oitoaycin  C  on  cell  toxicity,  nutation  rate  and 
chrooosooe  aberration.  There  is  no  eiidence  of 
direct  interaction  between  arsenite  and  DNA. 
However,  in  the  presence  of  lOuM  arsenite,  the 
distribution  of  H’-thyoldine  label  (3nin)  on 
nascent  DNA  sedinentation  profile  in  alkaline 
sucrose  gradient  is  different  fron  that  of  control, 
which  suggests  that  an  alteration  in  the  stattonari 
state  population  of  various  replicatiie  Internedi- 
ates  has  occurred.  The  perturbation  is  accoopani- 
ed  by  an  increase  of  nucleoid  sedinentation  -ate 
which  reflects  the  change  in  the  superhel icitv  of 
nuclear  D.N'A  as  verified  bv  ethidiun  bronlde  titra¬ 
tion.  The  effect  of  arsenite  is  naxlnal  after 
30irln  incubai'on  then  reaches  a  new  stationarv 
state  when  the  exposure  tine  is  prolonged. 
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STm  os  E.coli  lElHALITY  AFTER  OXIDATIOF  OF  INDOLE-3-ACETIC 
ACID 

Hsrtcilda  P,  Do  Sonia  M.  Do  Toledo’''*  Luciana  C.C.Le^ 

tc^p  Adelaide  Faljoni-AlarioY^  and  Nelson  Duran^p  Department 
of  ChenUtry*  Funda^ao  Dniversidade  Estadual  de  Itaringa.C.P. 
331,  Haringa*  CEP  87.100,  PR,  Bra,zil^;  Universidade  Estadual 
de  Campinas,  Campinas,  SP,  Brazil’*'';  I’niversidadc  Estadual  de 
Sao  Paulo,  SP,  Brazil'^' 

E,  coli  2<&8(vt)  cells  under  treatment  with  £ndole-3-ac«tic 
acid/Peroxidase/Oj  system  are  protected  froo  damage  by  exci¬ 
ted  state  speciesuriplct  lndole-3-Aldchyde  and  Singlet  Oxy¬ 
gen)  genera.ed  in  this  reaction.  This  protection  occurs  only 
in  the  first  10  minutes  of  interaction,  after  this  period  a 
rapid  lethality  is  observed,  E.coli  67l<Bec  A),10b9(uvr  B) 
and  877<pol  A)  cells  ^resent  a  more  pronounced  effect.  HisU 
dine  and  guanosine  (efficient  singlet  oxygen  trapps)  show 
30Z  of  protection.  Similar  results  are  obtained  with  a  sens^ 
tizer  such  as  Acridine  Orenge,  Dsing  the  E.coli  HB  101,  pBR 
322  plasmid,  strand  Scission  can  be  detected  after  treatment 
with  enzymatic  system  leaving  20Z  of  supercoild  form  and  80Z 
of  linear  form.  Cuanosine  and  tryptophan  protect  50Z  and  bOZ 
vhile  taanitol  (an  (Xl'trapp)  protects  40Z.  These  results  in 
dicaie  that  the  lethality  is  related  to  the  presence  of  Sin- 
glcte  Oxygen  and  OH*  species.  The  role  of  tRNA  in  E.coli  as 
precursor  of  Singlet  Oxygen  is  tested  by  energy  transfer 
fr<«  4-thiouridine  to  DNA  by  an  unknown  oechanisa.  The 
value  for  this  process  is  about  lO^M  Support  ly:  CKPq  , 
F/tfESP,  FINEP  and  UNESCO/PNUD. 


Congress  Centre-first  floor.  Posters  01 3-01 8 


Monday  30  July 

Posters  on  Chro.matin  Structure  and  Function 

013  ORAL  PRESENTATION 

THE  LAYERED  ORGANIZATION  OF  H'JCLEOSOMES  IN  30  NM 
CHROMATIN  FIBERS.  J.A.Subirana,  Sebastian  Mufloz** 
Guerra,  Joan  Aycanl,  Unldad  dc  C^^Iraica  Macronole- 
cular  del  C.S.I.C.,  Barcelona,  Spain 
Michael  Radernacher  and  Joachl&  Frank,  Center  for 
Laboratories  and  Research,  N.Y. State  Dept,  of 
Health,  Albany,  New  York,  USA 

The  30  nn  chronatln  fibers  froxa  sea  cueuxeber 
spern  and  chicken  erythrocytes  were  Investigated 
by  electron  nicroscopy  and  thrcc>-dli»enslonaI  re¬ 
construction.  For  four  fibers,  the  positions  of 
Individual  nuclcosoi&es  were  detenalned  by  fitting 
spheres  to  the  reconstructed  three-dlnenslonal 
stain  density  distribution.  The  average  distance 
between  neighbouring  nucleosoiaes  is  close  to  11  nm. 
The  longitudinal  periodicity  of  10-11  nn  apparent 
in  the  fibers  Is  found  to  originate  from  a  grou¬ 
ping  of  the  nucleoso7.es  into  disks,  each  contai¬ 
ning  5-6  nucleosones.  The  chroraatin  fiber  appears 
to  be  formed  from  closely  stacked  disks.  The  nu¬ 
cleosones  nay  bo  connected  either  as  a  regularly 
distorted  heiix  or  as  a  layered  zigzag.  The  fre¬ 
quent  observation  of  constrictions  in  the  fiber 
makes  a  zigzag  connectivity  more  likely. 

This  work  was  supported,  in  part,  by  NIH 
grant  1  RO  1  GM  29169  and  by  grant  219  from  the 
Comisidn  Asesora  dc  Investigacidn  Cientlfica  y 
T^cnica. 
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YEAST  TKO-MICROMETER  .MINiaiRCMOSOME  STRUCTUPE 
C.  Shalitin  and  A.  Vishlitky,  Departnent  of  Biology, 

Technion  -  Israel  Institute  of  Technology,  Haifa,  Israel. 

Metrizaaxde  gradients  have  been  used  to  separate  2-tiB 
cinichrosososes  f:roa  nuclear  chrosatin.  he  used  two  yeast 
strains:  Pep  4-3  (containing  2-iia  DNA  aoleculcs)  and 
CB  11  cir*  (lacking  2-xja  DNA).  Cellular  chroaatin  released 
froa  CB  11  cir*^  nuclei  banded  .in  aetrizaaide  gradients  at  a 
density  of  1.18S  g/ca}.  On  the  other  hand,  the  DKA  froa 
pep  4-3  cir^  cells  showed  t»*o  aajor  DNA  peaks  (1.16  g/ca^ 
and  l.lS  g/cB^).  D.NA  was  extracted  froa  the  two  peak 
fractions,  run  on  agarose  gels  and  blotted  onto  nitrocellu¬ 
lose.  The  blot  was  hybridized  with  two  probes:  1)  ^‘P-nick 
translated  pS2-6B  containing  1.5  copies  2-‘..a  DNA  (froa  J. 
Hartley).  2)  ^^P-nick  translated  pJHCll  containing  S. 
ccrcvxsiae  ribosoaal  DNA.  The  autoradiograa  showed  That  DNA 
extracted  froa  chroaatin  banding  at  a  density  of  1.16  g/cn^ 
hybridized  with  p82-6B  DNA.  Thus  the  DNA  peak  at  1.16  g/cn^ 
contained  2-un  chroaatin  free  of  contaalnating  cellular 
chr^iatin  whereas  the  DNA  banding  at  1.18  g/ca^  contained 
ribosoaal  genes.  Our  results  suggest  a  lower  ratio  of  his¬ 
tones  to  DNA  in  2-yn  ainichroaosoacs  as  coapared  with 
genoaic  chroaatin.  This  finding  was  further  substantiated 
by  analysis  of  histones  bound  to  the  chroaatin  and  by  elec¬ 
tron  olcro.^copy.  The  procedure  described  herein  aay  be  use¬ 
ful  for  the  isolation  and  characterization  of  other  yeast 
ainichroaosoacs. 
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CHROMATIN  ORGANIZATION  AND  REPLICATION  PROFILE  OF 
A  MOUSE  INTERSPERSED  REPEATED  DNA  SEQUENCE.  Nancy 
Lynn  Rosenborg  and  Douglas  L.  Vizard*  Physics 
Wpt. »  MOAh,  DT^of  Tx. ,  Houston,  Tx.  WOSO. 

The  interespcr.scd  repeated  sequences  of  the 
mouse  genome  can  be  revealed  by  length  resolution 
of  $1  nuclease-treated  reassociated  DNA.  The 
major  interspersed  repeat,  MIF-1,  la  characterized 
by  a  sequence  that  is  scgmontally  heterogeneous, 
but.  nevertheless,  Is  distinguished  by  a  highly 
conserved  length,  6Kbp.  Vizard  ct  al  have  mapped 
a  Hind  III  400  bp  genomic  fragment  into  MIF-l.  Wo 
found  that  although  the  temporal  replication  pro¬ 
file  of  MIF-1  resembles  that  of  total  DNA.  the 
replication  of  UIF-i  lags  by  approximately  20 
minutes  behind  total  DNA  replication.  Using  a 
combination  of  DNP  (deoxyribonucleoprotein)  elec¬ 
trophoresis  and  hybridization  techniques,  we  have 
also  shown  that  UlF-l  is  associated  with  a  higher 
order  chromatin  structure.  Experiments  utilizing 
second  dimension  DNA  and  protein  electrophoresis 
are  in  progress  to  determine  the  nature  of  this 
chromatin  structure. 
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Offi>POIM\Tia'WL  TONSITION  OF  QKOMATIN  TO  THE  IIIQIER  ORDER 
SiroaORE  AND  INIEROTIQNS  KITO  DIVALENT  IONS.  II.  Eisenbere. 
J.  Ausio,  N.  Borochev,  K.O.  Creulich,  D.  Scgcr  ana H.  hachtcl 
Deportment  of  Pol>'mcr  Research,  The  Welzrunn  Institute  of 
Science,  Rchovot  76  100,  Israel 

Ke  have  studied  the  reversible  transition  of  chrosatin 
fragments,  carefully  isolated  fren  chicken  erythrocyte  nu¬ 
clei,  froa  the  "10  nsf'  fiber,  at  veo’  lew  ionic  strength,  to 
the  "30  m"  solenoid  higher  order  structure,  following  in¬ 
crease  of  NaCl  concentration  to  75  rM  or  f|gCi2  to  0.3  inM. 

Froa  the  angular  dependence  of  scattered  light  froa  chrosatin 
fractions  (containing  between  Nj  •  22  to  $3  nuclcosoacs  per 
chain)  we  calculate  5.7  nuclcosoacs  per  solenoid  turn,  assu¬ 
ming  a  rigid  cylindrical  closely  packed  higher  order  struc¬ 
ture  (the  pitch  was  taken  to  be  11  nm  and  the  radius  of  the 
cylinder  13  nn).  Frictional  coefflcicnis  were  calculated 
using  the  same  parameters.  They  were  found  to  be  signifi¬ 
cantly  lower  tlian  the  experimental  values  derived  from  ultra- 
centrifugation  and  quasiclastic  light  scattering,  allowing 
the  posslblUly  of  a  wre  extended  and  flexible  structure. 
Small  angle  X-ray  scattering  reinforces  the  latter  view.  lVx> 
distinct  slopes  in  the  Pored  cross-section  plots  of  folded 
chrosatin  lead  to  a  description  of  chrosatin  folding  in  terms 
of  mixtures  of  lower  order  and  higher  order  i^tructuros, 
depending  on  ionic  conditi(xis.  Ke  have  also  investigated  the 
interaction  of  other  divalent  ions  with  chrosatin  towards  a 
closer  understanding  of  the  role  of  metal  iens  in  the  cell 
nucleus.  The  first  row  transition  octal  ion  chlorides  led  to 
coapaction  and  subsequently  precipitation  at  a  significantly 
lower  concentration  than  tre  alkali  earth  »stal  ion  chlorides 


016 

CONFORMATIONAL  SIMILARITIES  AMONG  VARIOUS  SIGNAL 
PEPTIDE  SEQUENCES  :  Ch.  Mohan  Rao  and  D.Dalasubramanuin, 
Centre  for  Cellular  and  Molecular  Biology,  RRL  Campus, 
Hyderabad  500  007,  India. 

Many  secreted  proteins  are  biosynthesised  as  precursors 
containing  a  N-ter/niiial  13-40  residue  ’signal'  peptide  sequence 
that  Olds  m  anchoring  the  preprotein  to  the  membrane,  where 
the  signal  sequence  ts  cleaved  by  a  signal  peptidase  thereby 
secreting  the  processed  protein.  While  there  is  no  perceptible 
sequence  homology  among  them,  many  signal  sequences  are 
seen  to  have  lys  or  arg  close  to  their  N-termina!  end,  several 
hydrophobic  residues  in  the  middle  and  pro  near  the  cleavage 
site.  We  have  therefore  looked  for  any  commonality  in  the 
folding  pattern  of  over  78  signal  peptides,  both  in  their  entire 
sequence  and  in  their  various  fragments.  We  used  the  Eiscnbcrg 
method  which  quantifies  the  conformational  correlation  between 
any  two  peptide  sequences  based  on  the  hydrophobicity  para¬ 
meters  of  the  residues.  Over  66%  of  the  peptidcscross-corrciate 
to  better  than  0.4  correlation  coefficient  value  suggesting 
overall  conformational  similarity  among  their  total  sequences. 
Similar  analysis  of  the  first  12  residues  of  each  of  these  again 
suggests  a  folding  similarity  of  this  fragment.  When  the  last 
>  residues  were  likewise  analysed,  some  conformational  flexi¬ 
bility  was  indicated.  The  results  suggest  that  a  major  portion 
of  each  of  the  signal  sequences  might  adopt  similar  chain 
conformations  and  that  the  proccssabte  ends  might  display 
some  variation. 


018 

THE  FOLDING  MODE  0?  INTERPHASE  HAWfALIAN  DNA. 

B.  Cavazza,  V,  Trefilctei,  M.  Pala;  C.  Balbi  and  E.  Patrono, 
Cntr.  for  Kacroaol.  Studies,  CNR,  C.so  Curopa,  and  Nat.  Inst, 
for  Cancer  Res.,  V.le  Benedetto  XV,  Genoa,  Italy. 

It  has  been  recently  reported  by  our  group  that  higher-o^ 
der  structure  of  interphasc  chroaatin  conforms  to  a  coilcd- 
coil  organization;  the  path  of  DNA  along  the  30  nm  fibre,  how 
ever,  has  still  to  be  recognized.  Hepatocytes  were  lysed  (0.21} 
sarkosil,  20  bM  Na2EDTA,  2M  NaCl,  pH  *0)  on  cellulose  triace¬ 
tate  filters:  after  washing  and  extraction  the  natcrial  cons^ 
sted  of  naked  DNA  and  a  few  proteins  froa  the  nuclear  matrix. 

C. M.  investigation  has  been  carried  out  according  to  the  me¬ 
thod  already  described  (Cavazza  et  al.  J.  Ceil  Sci.  62,  81, 
3983))  .The  DNA  fibres  are  supercoilcd  and  unwind  at  several 
points,  clearly  revealing  a  eultistrand  organization.  2-Derca 
ptoethanol  induces  sharp  kinks  at  regularly  spaced  loci  along 
the  single  filaments.  The  torsional  stress  is  coapletely  rele 
ased  by  ethidiua  intercalation.  Giant,  cage-like  structures 
result,  their  main  morphological  features  being  Inflection 
points  in  which  four  subfibres  converge,  as  well  as  short  re¬ 
gions  where  two  subfibres  intervind.  the  path  of  can  be 
unaebiguously  followed  over  a  length  up  to  '00 /in.  Our  obser¬ 
vations  lead  to  a  simple  scheme  of  the  folding  mode  of  inter¬ 
phase  DNA:  very  long  fibres  can  be  generated  by  local  inter- 
winding,  this  scheme  offers  a  possible  interpretation  of  the 
eechanisB  of  synchronized  initiation  of  KlA  synthesis. 
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INTERACTION  BETWEEN  NON-HISTONE  PROTEIN  HMG14  AND 
HISTONE  DIMER  H2A.H2B 

E.Espel^*^,  J.Bernu^s^,  P. Martinez^ '^,E.Quci:ol^ 
^Institut  Biologia  Fonaiaental  "V.Vlllar  PalasI" 

^Facultat  de  Vetcrin^ria.  ^Dcpt.BloI.  Cel. 
Onivorsitat  Autdnona  Barcelona.  BELLATERRA.  Spain 

The  interaction  between  non-histone  proteins  HKG14 
and  HMG17  and  histone  oligoners  H2A.H2B  and 
has  been  studied  in  free  solution  by  chenical  cro^ 
linking  with  Dir3ethyl-3»3'-Dithiobisproploninldate“ 
(DTP),  Dimethyl  Suberiiaidate  (DMS)  and  1-Ethyl-3 
{3-Dirsethylaninopropyl)Carbodiir3idc  (EDAC) .  One  and 
two-dimensional  electrophoretic  patterns  of  the 
crosslinking  products  show  the  presence  of  bands 
Indicating  that  HKG14  interacts  with  histone  dimer 
but  not  with  histone  tetramer.  The  interaction 
seems  to  be  preferentially,  although  not  only, ionic 
(a  band  of  interaction  is  seen  even  at  0.4M  NaCl) . 
Ihe  more  likely  stoichiometry  of  the  interaction  is 
KMG14/(K2A.K2D);(1:1)  as  determined  by  means  of 
two-dimensional  electrophoresis.  In  the  case  of 
17  no  bands  of  complexes  with  core  histones  are  de 
tected.  ” 


020 

ORIENTATION  OF  NUCLEOSOMES  IN  THE  HIGHER  ORDER  STRUC1HRE 
OF  CHROMATIN. 

D.  Staynov,  A.  Thome,  S.  Dunn  and  C.  Crane-Robinson, 
BlopKysics  Laboratories,  Portsnouth  Polytechnic,  St 
Michael's  Building,  Khltc  Swan  Road,  Portsaouth  POI  2DT,  UK. 

DNA  nuclease  digestion  patterns  of  whole  nuclei  were 
used  to  study  the  orientation  of  nuclcososes  in  the  30  no 
fibre  of  chroaatin.  Large  oolecules  like  DNasel  and  DNasell 
cannot  penetrate  the  fibre  and  digest  only  these  parts  of 
DNA  which  are  exposed  on  the  outside  of  the  fibre.  Thus  the 
DNA  digestion  pattern  depends  strongly  on  the  orientation  of 
nucleososes  and  the  position  of  the  linker  DNA. 

ExperiG^ntally  obtained  digestion  patterns  were  co&pared 
with  co^utcr  sisulations  based  on  various  possible 
nuclcososal  arrangements.  It  was  found  that  : 

1.  Nucleososes  are  not  uniformly  exposed  towards  the 
"surface"  of  the  fibre  but  alternate  within  a  lieited  angle. 

2.  The  periodicity  of  alternation  is  2  and  does  not  depend 
on  the  DNA  linker  length. 

3.  There  is  no  periodicity  in  the  exposure  of  the  DNA 
linkers  and  they  are  less  accessible  to  nucleases  than  if 
they  were  on  the  outside  of  the  fibre. 

4.  The  "double  nucleosose  repeat"  and  the  "half  nucleososc 
repeat"  patterns  obtained  by  digestions  with  D.Vasel  and 
(^asell  respectively  are  detersined  by  the  sase  periodical 
exposure  of  DNA. 

Only  a  very  United  range  of  possible  higher  order 
structures  are  accossodated  by  the  results. 


021  022 


SIMPLE  THEORY  FOR  DNA  ELUTION  FROM  FILTERS 
.  Balbi,  S.  Parodi,  M.  Pala,  B.  Cava22a,V.  Trefilcttl  and  E. 
Patrone,  Cntr.  for  Macroool.  Studies,  CNR,  G.so  Europa  and 
Kat.  Inst,  for  Cancer  Res.,  V.lc  Benedetto  XV,  Genoa,  Italy. 

DNA  chain  scission,  induced  both  in  vitro  and  in  vivo  by 
various  agents,  is  an  event  of  great  biological  relevance;  a1^ 
though  the  danage  is  currently  evaluated  by  enpirical  oeebra- 
ne  separation  techniques,  the  results  are  quite  reproducible 
and  the  sensitivity  as  high  as  t  single  strand  break/tO^Oat- 
tens.  Ue  outline  a  sieple  theory  of  the  filtration  of  coiled 
oacrosolutes  through  porous  met^ranes,  treated  at  the  quasi- 
equilibrium.  The  basic  transport  equation  iasoj 

ved  by  considering  that  the  value  of  oi,  the  reflection  coef¬ 
ficient  of  component  1,  (IS  i  iN),is  given  by  (l-Kifi), where 
Ki  is  the  partition  constant  between  pore  and  solution, a  fun¬ 
ction  of  the  eonforsational  et.tropy  loss  of  the  coil,  and  fi 
accounts  for  the  frictional  force  experienced  by  a  particle 
moving  along  the  pore,  Hydrodynaaic  forces  ovcrcoee  diffusion 
so  chat  the  voluac  filled  upvith  solute  is  Z  n|4/3s(RQ£)3 
where  Ro£  is  the  ith  radius  of  gyration.  The  solution  of  the 
resulting  set  of  N  differential  equations  gives  n^,  the  nuta- 
ber  of  ooleeules  of  cooponent  i  remaining  on  the  filter,  as  a 
function  of  the  elution  voluoe  V.  The  theory  deaonstrates  that 
the  process  is  governed  by  the  average  disensiens  of  the  coil, 
so  affording  a  universal  calibration  of  filter  elutioneetho- 
ds,  in  excellent  agreeecnt  with  the  expericents. 

023 


DIFFERENTUL  SCANNING  CALORIMETRY  (DSC)  OF  INTERPHASE  NUCLEI. 
STRUCTURAL  INTERPRETATION  OF  THE  THERMAL  TRANSITION. 

V.  Trefiletti,  C.  Balbi,  M.L.  Abelnoschi,  B.  Cavazza,  S.  Paro^ 
di  and  £.  Patrone,  Cntr.  for  Macroiaol .  Studies,  CNR,  C.soEur^ 
pa,  and  Nat.  Inst,  for  Cancer  Res. , V.lc  BenedettoXV,  Genoa, Italy 
The  oclting  of  chromatin  frost  intact  rat  liver  nuclei  has 
been  investigated  by  DSC.  The  thenaal  profiles  show  four  cam 
transitions  centred  around  332,350,365,380  K  respectively  (V. 
Trefiletti  et  al.  Science  219,176  (1983)).  The  transition  cn 
thalpy  is  a  function  of  both  the  degree  of  degradation  .ind  of 
salt  concentration  and  drug  intercalation.  By  assueing  that 
each  peak  arises  from  the  denaturation  of  a  distinct  colecu- 
lar  domain,  according  to  an  all-or-none  process, it  is  possi¬ 
ble  to  gain  detailed  infon&ation  on  the  frec'cnergy  differen 
ces  among  conior&ations.  Limited  micrococcal  nuclease  diges¬ 
tion  leads  to  the  disappearance  of  tho  330  K  peak, which  can 
be  related  to  the  t&elting  of  higher  order  structures  of  chro 
satin,  as  confirsed  by  the  parallel  enthalpy  increase  of  the 
363  K  transition.  Interestingly,  the  response  of  both  the 365 
and  380  K  peaks  to  ethidium  intercalation  is  biphaslc,  their 
enthalpy  values  passing  through  a  sharp  saxicus  and  oinieum, 
respectively,  at  a  drug  concentration  equal  to  tO^g/ml.  This 
result  indicates  that  interphase  chromatin  is  supercoiled and 
simple  theraodynasic  considerations  lead  to  a  zero  order  cst^ 
zsace  of  the  mean  superhelical  density  for  nuclei  under  native 
conditions. _ 
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THE  MITOaONDRIAL  DXA:  AN  If.'FOaMVTIOML  ANU-YSIS 

M.I.  Cranoro-Porati.  and  A.Porati,  Dipartiraento  di  Fiska» 

I'niversiti  di  Pansa,  Via  D'AzegUo  85,  Parra,  ITALIA. 

The  recent  availability  of  a  great  r&jnbcr  of  polynuclco- 
tidic  sequences,  also  of  nitochondrial  origin,  allowed  us  to 
oxanine,  with  the  aid  of  the  coRputcr,  the  aorc  significant 
infonaational  paraaeters  of  rsany  DX\  sequences,  in  order  to 
assigne  an  evolutionary  ceaning. 

In  particular,  vc  used  the  well  knov^n  indexes  Dj  and  (di¬ 
vergence  frees  equiprobability  and  divergence  froa  indi^nden 
ce)  and  R  (redundancy)  related  to  the  so-called  S-Entropy, 

-  Z  P.logP.,  introduced  by  Shannon  and  applied  to  the 
study  of  the  structure  of  languages.  ’Ihese  indexes  were  also 
used  by  Gatlin  in  the  context  of  biological  languages.  Kfe 
also  considered  the  application  of  informational  parameters, 
zaore  suitable  for  short  sequences,  derived  froa  the  so-called 
"k-  Entropy"  introduced  by  Kolcogorov. 

Cur  research  concerns  the  study  of  the  nitochondrial  DNA  se¬ 
quences  fron  various  organisns  and  the  sequences  of  genes 
(both  nuclear  and  nithocondrial)  coding  for  the  sane  protein. 
Ihe  results  indicate  tliat  sequences  of  nitochondrial  origin 
arc  "sinilar"  (fron  the  point  of  view  of  information  theory) 
to  the  bacterial  ones,  supporting  the  idea  of  S}tibiotic 
origin  of  these  organelles. 


027  ORAL  PRESENTATION 

PRIWnVB  RIHOSOIS,  D.P.?urgw.  D.S,T«vari,  B.Hag.  A.K. 
;iidve*tava  and  :i.Jfrlvastr.va,  Kolocular  Biology  Unit, 
Den«rt-ent  of  BlochoMatiy,  Inatltuto  of  Hodleal  beiencca, 
Ban^'rffl  Hindu  Univaraitr,  Varanasi-ZSlC^,  O.P,  India. 

^  It  has  been  desonairnted  in  thia  laborntory  that  R.VA- 
RJJA  Intorection  tha  najor  role  in  the  aaaoelatlen 
of  the  ribeocnal  aubunite  of  B.  coli.  The  evideneea  ere 
baaed  on  the  binary  conulex  fometlon  betvroon  l6S  and 
23s  RNAa  under  certain  aoocific  eonditiona  (Bursa  et  al.» 
Proc,  Natl.  Acad.Sci.,  U.S.A.,  ^  4S75,  1903)  and 
kothoxal  treati^nt  of  3CS  end  5^3  riboeoma  ra  veil  aa 
neVed  16s  and  23S  ICJAa  (Nag  and  Bursa,  coasimieated), 

Ketl  oral  treetnent  hea  elao  ahoun  the  exiatertte  of  two 
•jorul-.tirns  of  23S  P':a  end  there  ero  indicatiens  that 
the  two  cey  bo  directly  involved  in  the  EP-G-dePondent 
trrnalocctlon  of  peptl^l  tRNA  on  the  riboaooo.  It  haa 
alao  been  pcaaible  to  deeonatrato  the  riboaoae^liXe 
activity  of  1$S,23S  RNA  cooplox  with  tho  addition  of  5S 
RNA  and  a  li>sited  nusber  of  proteins.  The  following  acti¬ 
vities  lAiich  nro  rather  weak  have  so  far  been  ahownr  (l) 
poly  0  binding  (li)  poly  0-deoendent  binding  of  Aei^le. 
alnnj'l  tRKA  and  (ill)  N-acetyl  ihenylalaryl  tRNAriv}sr-(;^* 
donondent  GlPasc  activitj-(v)  oeoti^l  transferase  activity 
(T5arct*cin  reecticn)  end  (vi)polyThenylel»nlne  aynt''«ais. 
These  ro.iuita  aMn-*erl  *hs  concent  of  Crick  (d.Kol.Blol,, 
1963)  and  Orfel(J.J'ol.Biol.  ^  301  1969)  that 
Tibce^svl\  RV/s  ri'ht''-vo  acted  as  nriritive  riboeorua. 


029 

"INTERSUWNIT  CONTACTS  IN  COOPERATIVE.  DIKEFIC  HEMOGLOBIKS**. 
A.Boffi.  F.AscoU,  d.  Henaans  and  E.  ChJancone. 

C.N.R.  Centre  of  Molecular  Biology,  InstUite  of  Chemistry 
Faculty  of  Medicine,  University  Saplciza”,Rc«Be, Italy. 

The  dlaeric,  cooperative  heooglobln  coeponent  present  in 
the  red  coUa  of  Arcld  nolluake  ( Anadara , ;V3pyurca )  le  nade 
up  by  two  Identical  polypeptide  chains  and  nay  thus  represent 
an  Intereediate  stage  In  evolution  fro<^  nyogloblns  to  tetra- 
nerlc  hetrogloblns. 

Identification  of  the  Intcraubunlt  contact  regions  in 
these  Olneric  heiaogloblns  has  been  attenptec  given  the  lack 
of  crystallographic  data.  The  prlnary  sequence  has  been  coe- 
pared  with  that  of  sea  laaprey  heaoglobin  (a  oonoecr  which 
dlaerizea  when  deoxygenated)  and  horse  htaojilobln.  The  stgnl 
flcant  differences  In  the  distribution  of  p>lar  and  hydro- 
phobic  residues  at  the  contact  regions  char.tcterlseic  of  the 
tetranerlc  proteins  Indicate  that  diners  of  the  type  alfal- 
-betal  and  alfal-betaZ  would  not  be  extreaely  stable.  The 
formation  of  Interchain  crosslinks  by  reaction  of  Scapharca 
heeogiobln  with  blfuncttonal  reagents  and  tht  identification 
of  the  side  chains  that  have  reacted  on  each  half  of  the 
polecule  have  therefore  been  used  to  detemine  spatial  rela¬ 
tionships  of  neighbouring  aainoaclds. 

Interchain  crosslinking  increases  the  oxygen  affinity 
of  the  aolecule. 


026 

A  STUDY  OF  HEMOGLOBIN  FROM  XENOPUS  LAEVIS  AND  ITS  EVOLUTIONA- 
KV  SIGNIFICANCE 

S.C.  Cond5,  A.  BellelH,  M.  Lunadei,  B.  Gxardina  and  M.  Btu- 
nori,  Inst,  of  Chemistry,  Faculty  of  Medicine,  University  of 
Rose,  Rose,  Italy. 

The  evolution  of  oxygen  carrying  proteins  has  led  to  the 
dcvclopsent  of  mechanises  to  optimize  the  function  in  relation 
to  the  specific  requirements  of  the  organism.  In  an  attempt 
to  elucidate  the  logics  of  this  process  vc  have  carried  out 
an  extensive  comparative  investigation  of  the  structure  and 
function  of  hemoglobins,  and  recently  have  studied  the  respi¬ 
ratory  proteins  from  Xenepus  laevis,  whose  primary  structure 
is  now  available.  Hemoglobin  froa  X.  laevis  has  been  charac¬ 
terized  in  its  equilibrium  and  kinetic  properties:  it  has  al¬ 
so  been  splitted  into  o  and  (1  chains  which  have  been  separa¬ 
ted  in  the  native  state  and  characterized  froa  a  functional 
stand  point.  Some  features  of  this  protein  say  be  traced  to 
some  of  the  amino  acid  residues  occupying  specific  positions 
in  the  primary  structure;  for  example  the  Root  effect,  an  ex¬ 
treme  reduction  of  ouygen  affinity  at  low  pH  values  (which 
Xenopus  hcDOglobin  shares  with  some  fish  hemoglobins)  is  at¬ 
tributed  to  the  presence  of  a  Ser  residue  in  the  ^93  (occu¬ 
pied  by  Cys  in  catsaalxan  hemoglobins). 

These  and  other  observations  suggest  some  caution  in  accep¬ 
ting,  without  reservations,  the  conclusions  reached  through 
comparative  evaluation  of  amino  acid  substitutions  which  have 
been  carried  out  overlooking  the  functional  role  of  specific 
residues  in  the  protein.  In  this  case  in  fact  every  substitu¬ 
tion  has  the  same  weight  and  is  independent  of  functional 
considerations  which  my  be  crucial  to  selection. 

028 

CELLULAR  DIPKERENTIATION-  LAMARCKIAN  VS  DARWINIAN 
MODEL 

A.  Ladislav,  Institute  Df  Micrdbialogy,  VfdensW 
270,  Prague  8,  Czechoslovakia 

The  analysis  of  cellular  differentiation  in 
the  hemopoietic  system  was  performed  on  the  assu> 
ption  of  cellular  differentiation  analogy  to  evo¬ 
lution  with  different  types  of  fully  differentiat¬ 
ed  cells  being  analogous  to  organisms  belonging 
to  different  species.  Darwinian  expl  .nations  of  e- 
volution  emphasize  the  ioportaneo  of  randoal^  oc- 
curing  gene  mutations  as  a  source  of  diversity, 
and  selection  os  a  means  by  which  environmental 
factors  can  impose  some  order  on  the  process.  On 
the  other  hand  Lamarckian  model  emphasizes  the  ma¬ 
jor  phases  of  cellular  differentiation  are  based 
on  differential  gene  expression  In  response  to  ex¬ 
ternal  stimuli.  In  this  spirit  one  can  treat  Dar¬ 
winian  model  os  a  thermcdynamic  system  far  from  e- 
quilibriua  /stochastic  description/  wherein  the 
order  is  created  through  fluctuations.  In  contra¬ 
st  Lamarckian  node!  can  be  considered  as  nonline¬ 
ar  dynamical  system  with  dissipation  /determinis¬ 
tic  description/  possesing  a  strange  attractor. 

The  pros  and  cons  of  both  models  are  analyzed  on 
the  theoretical  and  experimental  evidences  to  be 
known.  It  is  argued  the  Lamarckian  model  is  more 
appropriate  to  describe  the  hemopoiesis- 

030 

neXON  EGG-miTE  LVNOittU  ITS  STRUCTUIUL  RSL.VTa)N'£S3 
TO  Ollllll  HTL*  c  LVSOZVJUS 

L.L'on6ndcz-Ario«,  Q. Gonzalez  do  Sultrago  and  R. Rodriguez 
l>pt-Diod>eDiatry,l^c. Sciences, CoDplutcnsc  Univ.,  l!adrld-3. 
I’igoen  )y4.,xyi3o  has  been  purified  an«  characterized  as  a 
type  c  lysoz>.'>c.  llowevor,  U  was  found  that  pigeon  and 
chicken  lysozyivs  had  different  iec1unologic.1l  character¬ 
istics  and  a  high  nunber  of  anlno  acid  differences  at  the 
X-ternInai  region- 

Nov  data  on  the  prinary  structuro  will  bo  reported. Apart 
from  tho  classical  Dothods  of  structural  eouparison  of  ho- 
oologous  proteins,  based  on  the  alignment  of  sequences,  we 
have  studied  tlie  structural  hooology  anong  type  c  lyso- 
syses  at  different  levels: 

-  I  rediction  of  the  secondary  structuro-  This  ms  done 
by  using  the  uothods  described  by  Chou  ti  Kasoan  aud  Lin. 
According  to  those,  a  different  pattern  of  secondary 
structuro  for  .tnatid  lysoz^xaes  c  and  Fhasianoid  lysozymes 
c  WAS  obtained. 

-  Tertiary  structuro  was  conpiircd  by  using  eeUiods  deal¬ 
ing  with  tlie  iQ’dropathic  character  of  tho  proteins  and 
prediction  of  antigenic  detemin..nts. 

Application  of  these  eethods  to  ihe  structural  conparison 
of  pigeon  lysozyme  will  also  be  reported,  discussing  their 
advantages  in  the  study  of  protein  evolution- 
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rOUR  OlFrERENT  TyPES  IH  PROTEINS  REVEALfO  OY  M 
ANALYSIS  or  AMINO  ACID  COHPOSITION  DATA 
K.  NisMkawj,  Y.  Kubotd  jnd  T.  Ooi,  Institute 
f or  Chcolcal  Research,  Kyoto  University,  UJI, 
KyotO'Fu  611,  Uapan 

A  protein  can  be  expressed  as  a  point  In  the 
"composition  space'*  of  18  orthogonal  axes,  each 
representing  the  content  of  amino  acid.  We  have 
analysed  the  distribution  of  356  proteins  In  this 
space  to  see  whether  it  reflects  the  difference  in 
general  properties  of  the  protein.  It  was  found 
that  the  amino  acid  composition  of  a  protein  has 
clear  correlations  with  Its  biological  properties, 
i.e»,  enzyme  or  nonenzymo,  and  intra>  or  extra¬ 
cellular  type.  Hence  we  classified  proteins  into 
four  typos  of  Intracellular  enzyme  (I),  Intr.i- 
eellular  nonenzyne  (ID,  extracellular  enzyme 
(HD,  and  extracellular  nonenzyme  (IV).  In  the 
composition  space,  proteins  arc  separated  well 
fron  each  other  depending  on  the  four  groups. 
Noreover,  the  folding  type  of  a  protein  also 
correlates  with  the  four  groups;  Intracellular 
enzymes  (I)  are  characterized  with  the  a/8  type, 
nonenzymes  (ID  with  a,  and  extracel lular  proteins 
(111  and  IV)  with  B  and  a«8.  This  parallelism 
among  three  different  features  of  the  protein, 
composition,  biological  nature  and  folding  type, 
suggests  that  the  distinction  into  the  four  groups 
is  .1  basic  frameworK  in  the  protein  taxonomy 
reflecting  the  evolutional  history. 
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A  ctnos  model  for  appoaranoe  of  Life 

J.Vlaeza  and  Z.Vincza 

Dopt.  Biophysics,  Cluj,  Riaisnia 

Tha  Ufa  is  originated  frea  the  soa-rater  coatalnlng 
organic  colacuias.  Tha  aoTesoot  of  tha  organic  oolaeulas 
can  ha  considared  as  an  undasped,  genarated,  unhaxsonious 
oscillator,  Sufficiently  nusaroua  coUisiens  result  in  a 
chaotic  mevasant,  Vaklng  computer  analysis.  It  vas  found, 
that  follovlng  sosa  thousands  of  Itoratlon  constant 
quadratic  sapping  can  ha  ohsarrad  in  a  given  area. 
Collaterally,  chaotic  parts  of  the  apace  are  also  present 
vhara  tha  partiolos  are  not  arranged  along  tha  trajectory, 
but  they  are  seattarad.  The  eystam  crossea  tha  points  of  ' 
chaotic  tarrltorlas  la  a  random  aennar.  idjoinlng  to  tha 
chaotic  araaa  floa  chain  cf  alliptieal  polcta  can  alao  be 
found  indicating  tha  prosanea  of  sacroaegregataa  ahlch 
ara  sufficiently  stable  to  coapoaa  coacervatums, According 
to  tha  elasaieaX  thaozy  tha  probability  of  proteln«forsa- 
tlon  from  20  aslno  aclda  is  in  tha  order  of  10“^'^.  Tha 
chaos-theory  reduces  tha  probability,  since  sosa  hundred 
thousands  of  iteration  s^hos  tha  protain-forsatlon 
possible.  The  chaotic  character  of  tha  "primary  ocean" 
excludes  tha  necessity  of  external,  aoeldontal  factors, 

Tha  experiences  and  caleulatlcna  suggest  chaotic  and 
regular  sOTacents  to  be  praaont  at  tha  saaa  tisa, 
constructing  a  ccaplieatod  living  atruoturo,  being  able 
to  reproduce  itself  on  a  finer  and  finer  scale, 
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EARLY  REPTILIAN  DJVS?GENCE  OF  OraWTOGIOBULIN 
A.  Ikat,  M.  Nishigoi,  H.  Ki)(uchi,  T.  Osada  A  li.  Aralcawa, 

Dept,  of  Blc^yslcs  and  Diodwnistry,  faculty  of  Science, 

Iho  university  of  Tdkyo,  Nengo,  Tokyo,  Japan 

Wq  have  recently  shown  U^t  cMick^n  ovcnocroglchuUn 
(0^k:J)  has  a  strong  affinity  to  various  endoprotoascs  and  a 
tetr^cric  structure,  both  highly  reminiscent  of  the  dvirac- 
teristics  of  humn  scruso<2*evicro9lobulin  b(2-H)(l).  In  our 
subsequent  wr)«,  ac  honologucs  wore  purified  from  the  egg 
white  of  crocodilcs{2),  awakes  and  turtles.  At  the  level  of 
the  sea  turtle,  a  (descendant  of  the  ol^st  reptilian  sub¬ 
class,  Anapsida,  seniocAZ-M  and  CtTC  were  distinct  and  izmu- 
noiogically  non-crossroactlvc  proteii.s.  Since  seruac<2*H 
hcrologucs  wore  identified  in  the  piscine,  a.'cvhiLplan,  repti¬ 
lian  and  mxrrAaiian  blood(3)  we  thlrk  that  the  divergence  of 
CtXS  frcnO(2-M  took  place  in  an  early  stage  of  reptilian  evo¬ 
lution  or  earlier. 

Binding  of  proteases  to  the  purified  ac's  causod  a  dra¬ 
matic  change  in  the  latter's  quatezT^ry  structure  and  their 
resistance  to  thcrral  denaturation.  Pzotoase  binding  to 
hunvmc(2-M  exposes  4  (SH)  gro^^s  but  the  same 

troabnent  exposed  2  and  0  s:f's  in  crocodilian  and 
CH5*s,  respc^iN-ely.  CCrplctc  denaturation  in  SOS  exposed 
4  and  less  than  0.3  SH's  in  the  respective  two  CTKJ's. 

Electron  nlcrosccpic  studios  also  showed  a  significant 
structural  divergence  of  CMG's  within  thcs&solvcs  and  from 
^2-H. 

(1)  Kltaroto,  etal.,  J.  Biodwa.  92  1679-1682  (1982) 

(2)  Ikai,  et  al.,  J.  BiodKn.  n  121-127  (1983) 

(3)  Starkey  A  Barrett,  Biochcra,  J.  205  91-95  (1982) 
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THE  TRNA-CYCLE  AND  ITS  RELATION  TO  THE  RATE  AND 
ACCURACY  Of  PROTEIN  SYNTHESIS 
H.  Lilienstr&n,  G.  von  Heijnc  and  J.  Johansson, 
Research  group  on  theoretical  biophysics, 

Department  of  Theoretical  Physics,  Royal  Institute 
of  Technology,  Stockholm,  SWEDEN. 

We  have  constructed  a  kinetic  model  of  the 
tRNA-cycle,  and  studied  htv/  the  rate  of  protein 
synthesis  depends  on  the  size  of  the  different  tRNA 
pools  (free  tRNA,  acylatcd  tRNA,  Tu-bond  tRNA  etc.) 
We  have  also  looked  at  how  different  species  com¬ 
pete  with  each  other  and  what  happens  if  a  certain 
pool  is  suddenly  changed.  Of  parcicular  interest  is 
how  this  substrate  competition  affects  the  accuracy 
and  overall  efficiency  of  the  protein  synthesis. 
Finally,  wc  have  used  the  model  to  study  the  effect 
of  varying  the  relative  tRNA  levels  in  a  system 
with  constant  codon  frequencies  in  an  attempt  to 
find  reasons  for  the  experimentally  observed  pro¬ 
portionality  between  tRNA  levels  and  codon  frequen¬ 
cies.  This  kind  of  study  is  important  for  the  un¬ 
derstanding  of  how  an  effective  protein  synthesis 
apparatus  has  been  developed  during  evolution.  It 
is  of  great  importance  for  the  survival  of  the  cell 
and  for  its  competition  capacity,  that  it  has  a 
system  with  optimized  accuracy  and  growth  rate,  and 
the  tRNA-cycle  is  a  key  factor  in  such  a  system. 
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STRUCTURAL  AND  FUNCTIONAL  RELATIONSHIPS  OF  THE  VARIABLE 
DOMAINS  OF  KHC  ANTIGENS  AND  OTHER  LMKUNOCLOBULIN  RELATED 
MOLECULES,  M.  Kanehtsa  and  C.  DeLisi,  Lab.  of  Mathematical 
Biology,  Nat.  Cancer  Inst.,  MH,  Bethesda,  HD  20205,  U.S.A. 

The  class  1  and  class  II  major  htstocoopatibiUty 
cmrIcx  (MHC)  antigens  contain  N-tereinal  variable  domains 
which  are  believed  to  lack  significant  sequence  homologies 
to  leaunoglobulin  variable  domains*  However,  there  are 
instances  where  the  sequence  is  partially  homologous  to 
itasunoglobulin  variable  domains;  e*g.  E-beta  is  homologous 
to  Ig-kappa  around  the  second  eystein.  We  have  perfosed  a 
tliorough  search  for  local  homologies  of  all  icaunoglobu'lin 
related  proteins  and  their  genes,  and  quantified  the  degree 
and  location  of  sequence  similarities.  Namely,  the 
relationship  is  analysed  not  for  the  entire  sequences  of 
variable  domains,  but  for  possible  separate  segments  which 
may  indicate  both  evolutionary  and  struecural/functlonal 
relations*  In  fact,  the  pattern  of  appearance  of  local 
homologies  is  often  correlated  with  the  immunoglobulin 
framework  (FR>  regions*  For  example,  Thy-1  contains 
homologies  In  FRl  and  FR3  but  not  in  F^,  while  the  T-cell 
r<iceptor  86T1  contains  good  homologies  in  FRZ  as  well.  The 
local  homology  search  is  then  combined  with  the  structural 
prediction  algorithms,  and  the  locations  of  allotypic 
variations  in  KHC  antigens  are  superimposed  on  the  predicted 
structure* 
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CUAPACTERUATICS  Cr  THE  E.  COM  GESOMC  B\  STATISTICM 
ANAL^S^IS  or  TNA  SECl'ENCES,  R.D.  BLAKE  and  P.W.  Kind^,  C«pt. 
Plochcmis^try,  Untv,  of  Maine,  Oreno,  !<atnc  USA. 

A  table  of  codon  probabiiitiob.  for  each  of  the  64  trip¬ 
lets  has  been  prc-luceC  frem  analysis  of  61  codtnv^  ^equencev 
totalling  103, KO  bp  frem  r.colt.  The  results  are  distinctly 
nonrandom  and  serve  as  a  basis  for  a  computer  program  that 
tdenTifi**s  readina  Ktame  sogoents  in  E.colt  seqaences. 
proeraa  works  by  skovina  weighted  averages  of  codon  probabil¬ 
ities  down  the  sequence  for  each  of  three  rcadiri  frames'. 
Co«ion  probabilities  in  ^  coll  coding  eegoents  are  approx¬ 
imately  70i  higher  than  in  non-codinq  segments,  so  that 
genes  or  fraaeents  ot  genes  are  readtli,  tdentifievl.  Averaje 
codon  probabilities  for  known  qenej=»  show  a  bifsodal  distri¬ 
bution  when  plotted  av^ainst  the  number  of  base  pairs  exhib¬ 
iting  that  average.  This  means  th,»t  some  gcne%  are  hiontf- 
icantly  iwrc  susceptible  to  post-transcriptional  influerces 
of  the  nonranviom  pattern.  He  suspect  that  both  evolutionary 
age  and  function  affect  the  level  of  codon  bias  in  aenos. 

The  codon  pattern  is  specie#  specific,  we  also  observe  t^e 
gencoe-wide  presence  of  a  non-random  oligonucleotide  pattern. 
He  propose  these  patterns  to  be  the  consequence  ol  func¬ 
tional  factors  as  ^ell  as  dupllc4tioft-diverger»ce  events 
during  the  evolution  of  the  E.coli  aenoese,  and  which  per¬ 
petuate  the  codon  bias,  as  well  as  the  oligonucleotide  bias 
In  non-coding  eeqrents.  The  latter  process  i-ould  provide 
a  selective  advantage,  since  diverc'-nce  events  following 
gene  duplication  would  begin  with  a  •'equence  enriched  in 
species-specific  codons,  greatly  facilitating  the 
development  of  nev  genes. 
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A  KOVEI/  SPKJIES  OP  CRYSTALlaN  IN  -niE  FKOO  LENS 
G.G.Gauso,  Jr.  yS.I.ToisaroVjR.D.Zlnovlova  and 
S;H.DolcllovichyZnstituto  of  Cavolopraontal 
Biology, USSR  Acadomy  of  Scioncea, Moscow, USSR 
A  roconbinant  BNA  clone  coding  for  a  major 
35  RBa  polypeptide  from  the  frog  (Rana  temporaria) 
eyo  lens  has  been  isolated  and  seouonced.The  se¬ 
quence  88^  nucleotides  in  length  (without  countin# 
poly(A)  tract  and  connectors)  shows  no  homology 
with  the  sequences  coding  for  other  major  classes 
of  crystallins:  <<- ,  ^-jy-and  i^.The  sequence  does 
not  contain  any  internally  duplicated  regions. Hie 
35  polypeptide  coded  by  the  clone  was  termed 

1-crystallin.It  may  well  be  unique  for  the  frog. 
The  £ -crystallin  rRKA  Is  1200  nucleotides  in 
len''th  and  about  3/^  of  its  coding  region  is  pro¬ 
sen.  In  the  cloned  cDNA  (225  amino  acids  in  the 
derived  amino  acid  sequence).  £ -crystallin  cDNA 
probe  has  been  found  to  hybridize  with  hotorologo^ 
us  (human)  DMA  probably  because  the  cDNA  contains 
a  genomic  repeat  conservative  in  evolution. Predic¬ 
tion  of  i.  -crystallin  secondary  structure  has  de¬ 
monstrated  the  presence  mainly  of  ^-strands  with 
only  a  few  ^.-helical  regions. Procedure  developed 
to  proparatively  isolate  £.-crystallin  makes  use 
of  a  eorebination  of  D£AE-  and  phosphocellulose 
column  chromatography  and  yields  an  electrophore- 
tically  hoRogenoous  preparation  of  this  polypep¬ 
tide. 

039 
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P’lHOROIAl  G£'iETIC  CODE. 

h.A.  Soto  and  J.  TohS.  Lsb.  Bioohyslcs,  Oept.  Phy¬ 
sics.  Untv,  o/  Chile.  Sdntieqo,  Chile. 

It  is  assuned  that  et  the  origins  of  the  gene¬ 
tic  inforAdtion  some  biopoiyners  were  formed,  being 
cost  probably  conserved,  those  characterized  by:  an 
auto'aorphic  replication,  the  maxiaun  inforaation 
concent  and  a  high  stability.  Starling  froo  these 
conditions  xe  analyze  the  evolution  of  the  genetic 
code  up  to  the  present  solution.  It  turns  out  that 
this  solution  corresponds  to  the  application  of  the 
optinization  principle  of  storing  information  to 
the  present  genetic  code.  For  a  given  systea  N*  p*^ 

(*I  flunber  of  anino  acids,  p  base  of  the  code  and  n 
Quaber  of  positions)  the  optinua  is  attained  for 
p*e  (Achinowlcz  et  al.,  1581),  The  present  solution 

35  anino  acids,  probably  cnerged  with  the  res¬ 
trictions  Qcntioned  before,  in  such  a  way  that: 

1)  It  began  »;ith  a  nononucleot  ide  representation  of 
the  **  early  aolno  acids.  2)  It  evolved  to  a  degene¬ 
rated  code  of  nucleotide  doublets,  necessary  dispo¬ 
sed  in  autoaorphic  tetraaers.  At  this  stage,  e2* 

7. 3?  (7  to  ^  anino  acids)  arc  codified  by  lb  dege- 
‘lerated  doublets.  3)  It  appeared  the  present  day 
code  of  20  amino  acids  and  bti  triplets,  where  all 
the  conditions  were  attained  arriving  to  the  ideal 
a?  •  20  anino  acids,  the  autonorphic  structure  gave 
>rigin  to  the  double  strand,  the  organization  con¬ 
tains  a  naxinun  of  information.  None  of  the  Inter- 
nediate  steps  can  be  c.  sidered  an  adequate  solutiof 
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THE  DEPE.'IDEKCK  OF  OIU- HYDRA-i’I0.\'  OH  BASE-COHPO- 
SITIOH  AND  THE  RODE  OF  THE  DKA  HYDRATE  SHELL 
HETEROGENEITY  IH  THERMAL  AND  COHFORHATJONAL  PRO¬ 
PERTIES  OF  THE  DOUBLE  HELIX 

G,M.yrevll3hvlli.  G.Sh.Japaridze,  V.U.Sokhadze, 
^•A«Tdtishvili.  xu.G.Sharioanov,  2nst«  of  Phy- 
sict  ’cad.  of  Sci.  of  the  Georgian  SSR,  380077, 
TbiL'  USSR. 

-  w-teaperafcure  aicrocalorittotry  techniques 
have  been  used  to  investigate  v?ater-DWA  interac¬ 
tions,  It  has  been  established  that  the  solvent 
structiire  around  DNA  double  helix  is  Heteroge¬ 
neous.  Water  state  is  very  sensitive  to  base  coa- 
position  and  sequence;  a  strict  correlation  bet¬ 
ween  the  nuaber  of  water  nolccules  in  internal 
(n*)  and  external  (n**)  hydrate  layers  and  the 
GC-base  pairs  content  is  revealed:  n  =n*+n**s: 
528.0-0,12.(^0)  ,  n*=  12.0-0. 06*(?XJC)  (in  MH^O/ 
23?).  It  is  shown  that  at  B-Z  transitions  occu- 
ring  in  poly-(dG-dC).poly-(dG-dC)  solutions  ab¬ 
rupt  changes  in  polyacr  hydration  and  bulk  water 
properties  take  place.  0?he  DHA  heat  capacity  in 
lovj-tenperature  range  (4-40K)  also  depends  on  the 
hydration  paraaeters  of  double  helix.It  is  sta¬ 
ted  that  the  structural  heterogeneity  of  the  wa¬ 
ter  around  the  double  helix,  which  depends  on  the 
base  coapositioD  and  sequence,  should  play  an 
iaportant  role  in  the  recognition  processes  « 


HIGH  PRESSUfiR  SIUDIES  OF  CYTOCHROME  P-450  SPIN  AND  SUBSTRATE 
BIN’DIKG  EQUILIBRIA  M.  T.  Fisher.  S.  F.  Scarlata,  and 
S>  G.  sugar,  Unlv.  of  Illinois,  Urbana,  Illnols,  USA. 

The  effects  of  high  pressure  (0-2000  ato)  on  the  spin 
and  substrate  binding  equilibria  of  cytoehrotfto  P-450  Iso¬ 
lated  froa  Pseudoaonas  putlda  have  been  deterained.  The 
high  spin  (S»3/2)  to  low  Sj^n  (s«l/2)  spin  equilibria  of  the 
ferric  heaoproceln  was  twnltorcd  by  UV-VIS  spectroscopy  at 
various  substrate  concentrations*  High  levels  of  d-casphor 
(99. 5X  saturation,  50  cM  TrisC),  pH  7*2,  100  tH  KCl)  pre¬ 
vented  the  pressure  induced  high  spin  to  low  spin  transition 
observed  at  less  than  saturating  substrate  concentrations. 
These  optical  changes  ware  reversible  at  pressures  to  1000 
ae»,  whereas  above  1000  atn  a  gradual  increase  in  the  forsa- 
tlon  of  the  inactive  P-420  foro  of  the  cytochroae  was 
observed  as  qcantltaced  by  the  reduced  carbon  oonoxlde 

adduct.  Detailed  analysis  in  terss  of  a  theraodynaalc 

linkage  eodel  deaonstrates  that  the  "spin  state  shift* 
observed  with  Increasing  pressure  is  due  to  the  dissociation 
of  substrate  troa  the  active  site  of  the  cytochroae*  Thus 

the  observed  spectral  change  as  a  function  of  pressure  can 

be  used  to  deceraine  the  voluae  change  accospanylng  sub¬ 
strate  binding.  With  canphor  and  the  Pseudoaonas  P-450,  a 
voluae  change  of  34  al/aolc  (58  ^ooleculc)  was  eeasured. 
This  indicates  a  substantial  conforaational  change  of  the 
protein  upon  caephor  ligation.  Analysis  of  the  binding 
equilibria  with  casphor  analogs  as  a  function  of  pressure 
are  also  presented. 


SIMUIATIONLESS  EVALUATION  OF  THE  ROTATIONAL  CORRE¬ 
LATION  TIME  FOR  SLOWLY  TUMBLING,  PRCTEIN-BOUNDEO 
SPIN  LABELS  (SL)  :  APPLICATION  TO  MODIFIED  ALBUMIN 
E.A.Preoteaaa,  V.  V.Or^eu,  A.Snuteaeu,  D.Oniea 
Centrex  Tnsticutc  c£  Physics  and  Faculty  of 
Physics,  Bucharest  -  MAgurelc,  Romania. 

In  ord^r  to  get  relative  values  of  the  "spec¬ 
troscopic"  rotational  correlation  tixac  from  the 
ESR  spectra  of  slowly  tunbling,  proteins-bounded 
SL,  the  sirplified  ttethod  proposed  by  Hare  et  al. 
(BBA  S$S,3$8,2979)  was  extended  from  spherically 
symmetric  to  weakly/ooderately  an^otropic  motion, 
by  approximating  tr  with  'Tt  “  longi¬ 

tudinal  and  transversal  correlation  times) .  For 
glutaraldehyde-treated  and  control  rabbit  serum  al¬ 
bumin  (GA-R5A  and  RSA)  labeled  with  naleinlde  SL, 
we  found  a  mean  ratio  Tp(GA-RSA)/Tf^(RSA)^6.5,  in 
good  agreement  with  the  "molecular"  correlation 
tines  ratio,  Tc(GA-RSA)/Te(RSA)M8.5/  as  evaluated 
from  gel-filtration  data  by  the  Stokes-Einstein  c- 
quation.  This  result  supports  the  extension  of  the 
method  and  shows,  in  addition  to  the  qualitative 
ordering  of  "mobilities"  (2a^2  splittings) ,  that 
the  SL  definetly  reports  the  protein  polymerizati¬ 
on  -  and  not  a  conformational  modification,  as  for 
the  in  vitro  quasi-physio^ogically  "aged"  albuain 
(A-RSA)  (where  tr (A- RSA)  /ir( RSA) 3^0 . 3) .  Accordingly , 
the  antigenic  similarity  of  GA-RSA  and  A-RSA  (Onica 
et  al.,  iKiaunochenietry  2$, 94^,297$)  is  not  corre¬ 
lated  with  the  nacromolecular  structure. 
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MOLECULAR  STRUCTURE  OF  ELASTIHS 

V.RenuQo&alakfishftan  and  0. A. Keith, Orthopaedic  Research  Lab., 
Harvard  Med.  Sch. .Childrens  Hospital  Med.  Ctr., Boston, 

HA  02115,  USA. 

Elastin.a  hydrophobic  and  highly  cross  linked  protein 
occupies  an  unique  place  in  the  connective  tissue  archi* 
ucture  and  function.  Only  recently  90  of  the  primary 
structure  of  pig  tropoeiastin  has  been  determined. Structure 
of  elastin  at  all  levels  Is  poorly  understood.  Currently 
t>^<o  different  concepts  of  elastin  structure  are  in  vogue:  an 
anorphous  three  diiDenslonal  network  structure  based  on  class* 
leal  rubber  theory  of  elasticity  and  a  B-splral  rodel  with 
o*helicaI  segaent  in  the  cross-linking  region, which  attespt 
to  relate  the  rsaoronolecular  structure  with  function. In  the 
present  study, FT-IR,FT-IR  Fhotoacoustic,  and  laser  Raaan 
spectroscopic  studies  on  the  structure  of  elastins  fro^ 
bovine  llgarentum  nuchae  and  ear  cartillage  with  markedly 
different  aDino  acid  cospositions  arc  discussed. Bovine  ear 
cartillage  elastin  contains  reduced  onounts  of  hydrcphobic 
residues.  Two  Icporran;  conclusions  eoerge  from  this  study: 
A.  Observed  vibrations  of  the  peptide  moiety  are  consistent 
with  a  molecular  structure  containing  S-turns  and  B.  Based 
on  the  observed  vibrations  and  the  structural  Interpreta¬ 
tions  thereof, the  elastin  from  the  two  tissues  arc  likely 
to  assume  different  secondary  structures  consistent  with 
the  differences  In  their  amino  acid  compositions.  Presently, 
we  arc  determining  the  %  of  ‘’arious  secondary  structures 
present  in  elastin  to  propose  o  working  model  for  elastins 
in  the  two  different  tissues. 


SOLUTION  CONTOFMATIONS  OF  POSTSWAPTXC  mWROTOXIHS  AND 
OP  KEKBRANOTOXtKS  OP  ELAPZD  AND  HYOROHIID  SNAKES. 

X.A.  Nusxkat  and  Idialc.  Keiziunn  Inst.  Rehovot.  Israel. 

K.  Hayjshi,  Gli  univ.  Gifu,  Japan  and  N.  Tawlya, 

Tohoku  Vniv.  Sendai,  Japan. 

Die  exposure  of  side  chains  of  tyrosine,  histidine,  and 
tryptophan  in  snake  venon  neurotoxins  (short  and  long)  and 
In  Merhranotoxlns  vas  studied  by  photo-ClDNP  at  270  KHz,  Die 
accessibility  probe  Is  the  10-carboxyethylflavin  triplet. 

Trp  29  is  accessible  in  all  neurotoxins  while  Tyr  25  is 
practically  Inaccessible.  Tyr  39  In  cobrotoxin  and  Tyr  55  in 
«*bungarotoxin  are  accessible.  His  6  (revised  sequence)  Is 
Inaccessible  in  the  erabutoxlns  while  His  26  is  only  very 
wea):iy  accessible.  His  22  of*^-cobratoxin  Is  inaccessible  as 
are  His  4  and  68  inu-bungarotoxln  and  His  4  of  cobrotoxin. 

His  33  of  cobrotoxin  Is  accessible.  The  rigidity  order 
c<-bungarotoxin>e(-cobratoxir^eraXutoxins*  with  respect  to 
the  unfolding  effect  of  7H  urea  was  deduced  in  thu  present 
study.  In  the  niesbranotoxlns  studied  (cardiotoxln  and  its 
analogs  I,  II  and  IV  as  well  as  cytotoxln  I  and  11)  the  two 
tyrosines  Tyr  25  and  Tyr  58  are  only  weakly  accessible.  The 
present  stxidies  allow  deductions  to  be  Ktde  about  the  accessi¬ 
bilities  in  analogous  systeas.  Dius,  the  accessibility  of 
His  33  and  the  inaccessibility  of  His  4  in  cobrotoxin  can  be 
used  to  deduce  the  confomatlons  of  th'^e  residues  in  a  large 
group  of  neurotoxins. 


SYNTHESIS  or  UNCHARGED  DUTYL-AGAROSLS  FOR  PROTEIN 
ADSORPTION  BY  THE  TRE5YL  CHLORIDE  METHOD 
A.  Dcroifoglou  and  H.P.  3cnn>sscn 

Instaut  fur  Physiologic,  Physiologische  Chcmic  &  Crnahrungs- 
physiologic  dcr  Univecsiiat  Munchen,  Veicrinurstr.  13, 
D-8090  Monchen  22,  West  Germany 
Sepharosc  4B  v/as  aciivatcJ  by  !ht  trcsylchloride  method 
(l).  Trcsylation  appears  to  involve  a  twoiphase  mechamsm  accor¬ 
ding  to  time.  Trcsyl-Scpharosc  was  coupled  to  n.<l-‘^C)-butyl* 
mercaptan  in  an  alkaline  medium  (butyl-S-Scpharosc).  A  quanti- 
*at»vc  coupling  of  butylmercaptan  was  achieved  alter  ca.  60 
miriutes  yielding  gels  containing  from  2-100  .umolfml  packed 
gel.  The  degree  of  substitution  is  a  non-lmear'  function  of  the 
trcsylcWoade  concentration  employed  for  activation  indicating 
a  cooperative  activation  mechanism  or  an  alteration  of  agarose 
.trocture.  Although  the  gcJ  volume  can  decrease  by  ca.  30% 
at  high  degrees  of  substitution  the  microscopic  ultrastructure 
of  Sq>barose  4B  is  conserved. 

The  adsorption  of  phosphorylase  b  was  measured  at  high 
lOtuc  strength  (2],  Apparent  equilibrium  is  reached  after  90-120 
minutes.  TTic  measured  isotherms  corresponded  to  the  Freund- 
lich  type.  In  comparison  to  butyl*agaroscs  (butyl-N-Sepharose) 
synthesized  by  th'  CNBr  activation  method  (2)  the  above  synthe¬ 
sized  butyl-agaro  -s  adsorb  up  io  a  magnitude  more  protein 
at  low  degrees  of  substitution. 

1.  Mosbach,  K.  and  Niisson,  K.  (I9S0  Biochcm.  Oiophys.  Res. 

Commun.  f02,  949 

2.  Jennisscn,  H.P.  (1976)  Biochemistry  15,  56S3 
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049 

MACROSCOPIC  DIFFUSION  OF  COUNTERIONS 
IN  DNA  SOLUTION  lars  Siltaon  and 
tara  Nordcnski3ld,  Di9.  of  Fhyaicetl  Cheniatry, 
Unvo,  of  Stockh^n,  SVSDBti. 

The  oacroscopic  diffusion  of  counterions  in 
double  helical  calf  thysus  DNA  solutions  has  been 
measured  by  7-Li  PT-NHR  self  diffusion  expcritscnts 
as  a  function  of  salt  (LiCl  and  HSCI2) <  7he  effe¬ 
ctive  diffusion  constant  D"  is  snaller  than  its 
value  in  a  DKA-free  solution  but  approaches  the 
free  value  upon  titration  with  salt.  Based  on  the 
steady-state  Saoluchowski  diffusion  equation  and 
the  Poisson-Boltznann  cylindrical  cell  aodel/  a 
theoietical  expression  for  the  ratio  ''^/D^  has 
been  derived.  Numerical  calculations  of  D'/D^ 
based  on  this  ntodel  are  cORpared  with  the 
expcrieiental  results  and  found  to  be  in  close 
agrecnent  over  a  large  salt  concentration  range. 


051 

HOieCULAR  DYKAKICS  SIKULATIO^  Or  PARVAL8UH1N  WITH  A  HJLTIPLE 
TIKE  STEP  KETHOO 

0.  Telman,  P.  Ahlstroa  and  6.  Odnssca, 

Div.  Physical  cneoistry  2,  Chealcal  Centre, 

P03  740.  S>220  07  Und,  Sweden 

A  oolecular  dynaoics  oethod  was  used  to  sloulate  the  dynaaic 
behaviour  of  the  carp  tnuscle  calciua  binding  regulatory  pro¬ 
tein  parvalbuain,  which  is  hooologous  with  the  calciun  bin¬ 
ding  proteins  calcaodulin  and  troponin  C.  The  two  calciua  bin* 
ding  sites  were  both  occupied  in  the  sinulation,  and  the 
X-ray  structure  was  used  as  starting  confonration. 

The  sioulation  was  nade  by  cacans  of  a  cuUiple  t4t:e  step 
aethod  in  which  the  bond  foices  were  evaluated  every  0.2  f$ 
whereas  angular  and  nonbonded  interactions  were  evaluated 
every  1.0  fs.  Seoienpirfcal  potential  functions  were  used. 
The  nethyl  and  methylene  groups  were  treated  as  extended 
atoms  whereas  polar  hydrogens  were  treated  explicitly  in 
order  to  account  for  hydrogen  bonds.  Typically  the  simula¬ 
tion  of  \  p$  required  480  CPU-sec.  on  a  CRAY-1S, 

The  dynamics  were  simulated  in  vacuo  for  130  ns.  The  results 
indicate  that  the  protein  contracts^ during  the  simulation 
at  the  same  time  as  the  external  side  chains  are  folded  on 
to  the  surface. 


053 

SEGKEHTAL  KOTIOII  OF  BOVINE  SERUM  AEBUMIH 
F.  Deiasar  and  H.  Schara,  J.  Stefan  Inotitute, 
Ljubljana,  Yugoslavia. 

Electron  paramagnetic  resonance  (EFR)  was  used 
to  separate  the  slow  and  fast  mobility  of  the 
spin  labeled  proteins.  Albumin  moieculos  dissol¬ 
ved  in  buffer  exert  the  rotational  Brownian  dif¬ 
fusion  which  it>  slow  compared  to  the  segmental 
motion.  In  membranes,  where  the  overall  mobility 
of  protein  molecules  is  slow  and  strongly  hinde¬ 
red,  only  the  segmental  mobility  is  left  to  influ¬ 
ence  t«e  EPR  line  shape,  ^he  experimental  spectra 
for  Che  buffer  dissolved  spin  labelsjd  protein  and 
the  corresponding  lipid  protein  complexes  wore 
evaluated  by  compailson  with  the  calculated  EPR 
spectra.  The  model  used  considers  a  slow  isotro¬ 
pic  motion  to  which  a  fast  hindered  mobility  is 
superimposed.  The  spectra,  reconstructed  with 
respect  to  the  variable  rotational  correlation 
times  and  stcric  hindrances  which  influence  the 
calculated  line  shapes  of  the  spectra,  do  descri¬ 
be  the  dynamics  of  albumin  in  various  environmentn 
at  different  temperatures. 


050 

WSORBERE!)  IfATEA  STRl'CTVRE  IS  CRYSTALS  CF  THE  '•IIA.MI.'C  8.,,  CO- 
XSTYME  H.  Savage,  Nacional  Surtrau  of  Scaridards,  Washington, 
D.C.,  and  ::atlonal  Xnstituccs  of  HoaUh,  Eothesda,  MD.,  t'.S.A 
The  distribution  of  the  water  aoleculos  in  the  above 
crystals  has  been  analyzed,  usin$:  both  hi$,ti  resolution  ncutrOK 
(0.95  S)  and  X-ray  (to  0.92  %  and  l.l  X)  diffraction.  r«- 
sultinjt  Dodels  were  extensively  refined  using  the  sethods  of 
least  squares  and  Fourier  s>nthcsis — the  final  R  factors  were 
0.085  (neutron),  O.C88  (X-ray  1)  and  0.13^  (»ra/  2).  During 
the  reflncsent,  a  large  number  of  water  sites  dis¬ 

ordered)  and  an  acetone  solceule  were  identified  for  all  the 
r.eutron  and  electron  densit)  situated  in  the  solvent  regions. 
Several  alternative  water  networks  wvre  fomulated  fror  the 
better  defined  (stable)  solvent  sites  and  were  seen  ro  e/.tend 
throughout  all  the  solvent  regions  of  the  crystal.  Sore  of 
the  acre  dynaaic  aspects  of  the  solvent  structure  wre  al*>o 
exasined  in  terss  of  the  continuous  soUent  den’»itv  observed 
around  and  between  the  sore  stable  sites.  The  gernetrical  de¬ 
tails  of  the  interactions  of  the  disordered  water  oolvcules 
with  polar  and  non-polar  groups  and  other  water  molecules 
within  the  solvent  networks  have  been  studied.  Indications 
are,  that  in  addition  to  participating  in  standard  2  centered 
hydrogen  bonding  networks,  the  waters  arc  also  involved  in 
3  or  A  centered  interactions  where  the  noncovalent  H— -X 
donor  distances  lie  within  the  range  of  2.1  to  2.5  A.  Xonte 
Carlo  computer  simulation  calculations  have  also  been  per¬ 
formed  for  the  solvent  in  this  macromolecular  system  and  the 
results  arc  described  by  F.  Vovclle,  J.M.  Coodfcllow,  J.L. 
Finney,  and  P.  Barnes  in  this  volume. 


052 

tKiT  IS  A  DECISIVE  FACTOR  ST/.BILIZXW  TRBot-HELICAL 
COJIFOKytTIOX  CP  C-PEFTIDB:  A  SAL?  B.-IDGS  OR  KYDPOPHOBIC 
IKTERACTIOXS  ? 

X.Dadlez.A . Biers ynski.  Dept,  of  Biophysics,  Polish  Acad, 
of  Sciences,  ul.Rakdwiecka  3b,  04-532  rorszsTra,  POXAXD, 
!:.SobocitiSka,C.Kuprysz6»8ki,  Inst,  of  Chemistry,  Univ* 
of  Gdansk,  ul.Sobiesklego  18,  80-952  Gdaiisk,  POIAXD. 

C-Peptlde  /XBTAAAKPERCUHse/  is  t  13  acino  acid  lon^ 
N-te»lnal  fragment  of  RNase  A.  Even  in  aqueo..8  solutions 
it  shons  a  strikingly  high  content  of  the  e^-belleal  eon- 
forsutloa  /-20;5at  3*C,pH»5,3/.  It  T»as  shown  A«Bler»y:i- 
8ki,P.S.Kin,R.L.Eftldwin,  Proc.Hatl.Ac8d.Scl.79  /1982/, 
2470/  that  the  salt  bridge  between  His  12  and  Glu"9 
is  at  least  partly  responsible  for  the  stability  of  the 
helix.  If  it  is  a  decisive  factor  we  can  expect  the  pep¬ 
tide  AEAAKAAEAAHH8e,in  which  two  His  -Clu*  salt  bridges 
cay  be  formed,  to  exist  predocinantly  in  tne  M-I.elioal 
conformation.  To  have  synthesized  this  oeptide  and 
investigated  it  by  CD,UV  and  !r.R  spectroscopy.  At  teap. 
beloT.  ol!  2-b  the  peptide  remains  in  random  coil 
conformation.  This  result  provides  a  stron<T  evidence 
that  the  Hi8^12-01u"9  salt  bridge,  altlieu.Th  of  some 
importance,  ic  not  the  main  factor  inducing  tlie  helical 
structure  in  C-pcotidc.  The  hydrophobic  Interactions 
of  Ihc3  and/or  Lys7  side  chains  with  Ala  4  and  5  cay  be 
crucial  •  To  test  this  .^yoothesis  7.e  .'.ave  synthesized 
two  analogues  of  C-oeotlde  with  either  Lys7  or  TheS 
substituted  by  an  oUnino  residue.  Investigation  of 
these  neotidcc  is  not;  in  orf'rress. 


054 

HIGH  RESOUrriCN  C-13  AND  K-15  SOLID-STATE  NiR  SIUDV  OF 
PURPLE  .MSIERANE 

K.-H.Spohn  and  R.Kimich,Scktion  KcznrcsorvxnzspGktroskoplc, 
Univcrsitact  UlP.Obcrcr  Esclsbcrg,uln,rcd.Rcp.Gcrrany 
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Isocyanide  Binding  to  Myoglobin.  Effect  of  the  Protein  Matrix. 
G.M. Giacometti ,  A.Cao,  D.AnderluzzS,  K.H.Vinterhalter,  and 
E.E.Di  lorio. 

Dept.  Biology,  University  of  Padua,  Italy  and  Lab.  of  Biochc» 
aistry  I,  E.7.H.,  Zurich,  Switzerland. 

Equilibrium  and  kinetic  properties  for  the  binding  of  va¬ 
rious  isocyanides  to  two  myoglobins  differing  in  their  struc¬ 
ture  around  the  active  site,  were  Investigated  at  different 
temperatures  above  0*  C. 

Methyl,  ethyl,  isopropil  and  terbutll  isocyanidea  were  chosen 
as  ligands  in  view  of  the  sterlc  arrangeaent  of  their  alkyl 
groups.  Spena  Whale  and  Aplysia  myoglobins  were  used  because 
of  the  well  established  differences  in  their  heme-pceket  geo¬ 
metry. Despite  the  negative  enthalpy  of  ligand  binding  at 
equilibrium,  the  apparent  quantum  efficiency  for  laser  photO' 
lysis  is  found  to  increase  with  temperature  at  dlfierent 
extents  in  the  two  proteins  and  in  relation  to  the  bulkiness 
of  the  Ssocyanide  alkyl  groups. 

This  finding  is  interpreted  in  terns  of  a  temperature  depen¬ 
dence  of  the  ligand  distribution  between  pocket  and  soivent. 
Such  a  distribution  is  correlated  to  the  rate  of  ligand 
escaping  from  the  pocket  to  the  solvent  relative  to  the 
geminate  recombination. 


057 

Tvo  SiacBiicu!  LaClitc*  of  B^rbcid  I«ee«riorbo4op«i&  Koiecuie* 

J.-t.  fopot.  J.  Ti«vhella*,  $.E.  Cerchaao,  aod  D.K.  Ze(«lua 
T«I*  taivertity,  of  Molecular  Siophysic*  afii  Siochesiacry, 

CT,  OSA,  a&ii  *Los  AUftat  Kacioul  laboratorica,  QSA. 

Aaalytia  of  bact«riorbo4opaia  acrueture  by  eleettoa  aicroacopy 
iedleates  tha:  about  3/4  of  tb«  proteio  »att  i<  loated  in  the 
tipid  bilaycr  i«  the  ^erm  of  aeveo  traRiaeabtane  a-b«li«»  (I  A 
refa.  tbereia).  Aa  active  protoa  pu>?  hai  bees  reeoBatituted  froo 
two  cbynottyptie  fratM&t<  O  A  refi.  therein),  free  eterty 
ealeulatloat  cutteat  that  thete  fraAetac*  coeprice  reepeetively  two 
aB4  five  of  the  traeiaeebraee  beliee*  <3)«  Ve  have  e<tabli«be4 
eo&ditioae  us^er  which  a  tvo*diMa«ioaal  eryital  lattice  diffrae- 
ties  to  at  lent  6.9  X  ie  foraei  atactiat  iron  the  two  puritled 
ehynotryptie  frasaeate.  Ve  are  atteeptias  to  locate  the  tvo 
fratseate  la  the  atsucture  by  «tu4yias  aeutroa  ^iffrectioa  free 
latticea  of  hybrid  hactcriorhodopiia  aoleculea  recoielituted  free 
oac  hydrofeoated  aad  one  deuteruted  frepseet.  Tbie  laiorvutioa, 
eoahlacd  with  earlier  seaeureoeate  ia  which  apecifie  claaiec  of 
aaiaoacidi  were  deuterated  (4,9),  chould  perait  to  eatabUih  the 
locaiioa  of  a-hetlcal  levaeace  aepMate  in  the  atrwetutal  aap* 

1.  Ulfer,  S.,  A  Beaderaoe,  X.,  J.  Vol  »iol.  14}.,  491-446  (1993) 

2.  Liao,  K.-J..  Uoica,  E.,  4  Xboiaaa,  K.C.,  3.  Bio;,  Cbca.  m, 
9949-9999  (1993) 

3.  Eapelsaa,  C.K.,  Coldeaa,  A«,  i  Stcltx,  T.A.,  Methoda  la 
Xaxymlety,  ££,  912-899  (1992) 

4.  Eapelaaa,  B.k«,A  Zaecai.  C.,  Proc*  Nat.  Acad.  $ci.  9$A  21, 
9994-3999  (1980) 

9.  TrevhaUa,  3,,  Aadcraou,  9.,  Pox,  X,,  Cepol,  E.  ,  9.  Xhaa, 
EeptlMa,  O.K..k  Zaceai,  d.,  liophya.  3.  4;,  233-242  (1993) 


059 

APFLICATIO-NS  07  H-NK?  10  TRAN3F0RKAX10NS  OF  FIBRINOGEN 
SOIilllONS  BY  COAQ’JMTION  AND  FIBRINOLYSIS, 

Y.  5.  N.^Iuya,  R,  Ronjid,  Y.  Yorhioka  .'‘Ad  S.  Y'jh?!,  Dept, 

of  Physiol. a  Seh«  of  Ked, ,  Ivste  K«d«  Oniv,,  Horiok^,  dAPAN 
Fibrlnocen  in  volution  of  water  (D^o  in  lO  %  for  NKS  field 
lock)  wdc  made  into  fibrin  r«i  by  coagulation  ^nd  the  #:el  wa.? 
ly«ed  to  i.ol  by  fSbrino'yclo.  in  «<*cb  eta^'v,  astor  protont 
veto  exonlMd  on  0  fundiusontol  parixeterc  of  the  NMR  (FT- 
epectrua  at  4,76  ^  0,01  ppe;  the  relox^tior,  tine,  n  4  by 
uvlng  *  Br^Aor'i  -pO  HRs  H-)01R-tpectrcB*ter  aith  ■n*t*net  which 
wu’  vet  in  a  ro^ws  (cabo  »,  terperature  24^  O.a  ^C, 

husAdity  40  ♦  ‘.p  3().  v?1uck*  were  are!  to  wJtMr*  3  % 

•leviitionv  froa  t^*e  ae^n  ty  ad^ueting  the  Itoo  pulce  eidth 
betwen  ..md  lOsO  aicro-rec  for  each  casylg.  A-  the  w 
iutlcn  ■•j«sle,  »->  al  bor<tte-...diine  buffer  ioluUont  of  l  t->  ‘O 
r.'/nl  fibrlcoger*  (Kilev-SrtzAyo'i ,  ‘0  %  clottshlo)  vere  taken 
t>'e  20  am  tubes.'.  To  t.'>j5e  of  them  were  »diod  0.3  nl  f-iu- 
tjon  o|  throa'oin  (KocMd^'r)  to  iwKe  the  t-el  t  f*  -m- 

uto. ,  *■>  other.-  eere  added  a  few  drojo  of  haaaa  iverun  (our 

clinic*  3  diluted  with  an  CK  solution  (Lederle*«-  Varidaiel  luid 
alvo  o,v<  f»l  Of  throabin  solution  t-j-  aoHe  the  tol  an  froa  0.3 
t>  CO  hs->uro,  With  ^n  Increase  of  fibrix.og«n  in  e^ch  .•ta^'e, 
tb*  Ssize*  of  the  FT-  decre^osd  in  the  height  but  levo 

re^'fkabiy  in  the  ^rea  sni  tien  Incres^ed  in  the  width  erpe- 
Ci'liy  for  the  gel,  while  toth  T|  *^4  Ta  decreuFol  exionet- 
tlally  tnl  -  plateau.  The  T|  ctan^ed  froa  3.40  to 

2.,?  eo,  t?ou#'h  there  little  difference  .aoa**  thove  of  3 
t'x.'e^.  However,  the  Tj  cWiged  fr^^  ?,*0  to  O.lo  »ec  f- r  the 
s'*!,  tj  o.s.‘v  for  the  iolution  And  to  0,«'«  for  the  sol,  t-agiaei- 
t*ng  th^t  t?4e  prjnoij-^l  protein  cbAft.’ei  In  tte  ivlirAti<'a  ar 
•well  •>.,  in  the  by  cosigalatloa  and  fxtrlnol>;?lf . 


056  ORAL  PRESENTATION 

FOURIER  TRANSFOR.M  DIELECTRIC  SPECTROMETRY  OF  BIO- 
POLYMERS 

M.  Froeycn  and  L.  Hellfemans/  Department  of  Cheipis- 
try,  University  of  Leuven#  Celestijnenlaan  200  D, 
Leuven,  Belgium. 

Dielectric  probing  of  rapidly  reacting  biopoly- 
mers  dissolved  in  water  cannot  be  accomplished  in 
the  frequency  domain  over  a  wide  enough  band  in  a 
sufficiently  short  time.  By  measuring  the  response 
to  short  voltage  pulses  in  the  time  domain  enough 
information  is  collected  to  reconstruct  the  dielec¬ 
tric  relaxation  spectra,  and  to  follow  simulta¬ 
neously  the  evolution  of  the  concentration  of  the 
dipolar  species  in  real  time.  This  paper  describes 
our  technique  to  measure  the  response  digitally  at 
sampling  ratea  up  to  20  MHz,  and  to  recover  the 
transf,.,.  function  h*-*;  sample  by  fast  Fourier 
transform  methodf  j  it  illustrates  some  of  the  ex¬ 
perimental  difficulties,  such  as  finite  rise  time 
of  the  pulse,  ele'*trode  polarization  effects,  and 
finding  the  balincc  conditions  of  the  bridge  cir¬ 
cuit.  The  pcrfcrmance  of  the  instrument  is  tested 
with  slmulatior  circuits  composed  of  resistors  and 
capacitors.  Measurements  of  aqueous  bovine  serum 
albumin  at  different  ionic  strength  show  the  pres¬ 
ent  limits  of  detection.  Dilution  experiments  in  a 
stopped-flow  apparatus  emphasize  the  challenging 
qualities  of  this  uncommon  research  tool. 


058 

PROTEIN  UNFOLDING  BY  COLO  ANO  EFFECT  OF  ALO, 
SURFACE  ON  THE  FOLDING/UNFOLOING  PHENOMENA  ^ 

V.  Vugellg.  RJ>.  Bray,  O.  VoCcIId,  Institute  of  General  and 
Physical  (^mlstry, Belgrade  University;  Department  of  Physical 
Ctemistry,  Faculty  of  Sciences  and  Mathematics,  Belgrade 
University,  Belgrade,  Yugoslavia 

Protein  folding/unfolding  phenomena  have  been  examined 
by  differential  scaning  calorimetry  (DSC).  Aftc*  unfolding  "by 
colo”  the  p.-oteln  molecules  from  the  solution  we-e  spontane¬ 
ously  adsorbed  cn  the  ALO*  surface  of  tne  DSC  alumirrjum  can. 
Temperature  behaviour  or  tnls  system  was  Investigated  m  the 
••d'’ge  220  •  400  K.  Although,  all  th*ee  examined  p-oteing 
(lysosyme,  repressor  headpiece,  albumine),  a*e  ve'y  dif¬ 
ferent,  one  common  pattern  was  obtained.  Ou'ino  neatino  the 
first  effect,  at  27?  K,  is  protein  adsorption  (an  exoihemnic 
DSC  peak).  Cooperative  desorption  from  the  su-face  occurs  In 
the  range  3^0  -  3S0  K  depending  on  the  examined  pnotein  (an 
endothermic  peak).  Desorption  Is  folewed  by  the  two  conse¬ 
cutive  processes.  Fast  folding  tn  the  solution  of  unfolded  p^- 
teln  molecules  from  the  Ai.O,  su*faee  (exothemnic  peek 
360  -  370  K  range).  Foldea  protein  molecules  unstable  at  that 
hlg^  temperature  undergo  again  fast  unfolding  (endothermic 
peak  360  -  400  K).  Aib»jmine  desorption  from  the  ALO» 
surface  Is  a  process  with  two  dhtlngulshcd  peaks  anirej^'essed 
fine  structures. 


060 

THERMAL  mOPERTIES  OF  MELANINS 

B,  Slmocwvfg  .  V.  VuCclId,  T,  Wllcrok**,  J.  Hranlsovljcvld  and 
b.  VuCcliC,  Institute  of  General  and  PIivsl  Chemistry,  Belgrade 
University;  Dept,  of  Riys.  Chem.,  Faculty  of  Sciences  and 
Matlwmallcs,  Belgrade  University,  Belgrade  Yugoslavia; 

"Slleslan  Med.  Acad.,  Inst,  of  (^h^lstry  and  Riysics,  Sosnowlec, 
Poland 

Th<>rmal  properties  of  natural  a^'d  ‘:>nthetic  meianirs 
teen  Irve^tiqaied  b>  dJfevntial  sca'v^inq  calo'I^’eiv  {0$C) 
f'uo.ea*'  maq'^etlc  resonance  (NvR)  in  the  tcvipe'atu'e 
-►ange  250  -  450  K.  Sdmpips  of  molanjrs  were  isolated  f'cm 
banana  peels,  human  hair  a^d  bovine  e>e  o*  were  synthesized 
f^cm  tyrosirc,  OCf’A,  ly*am|re,  epine^'ine  and  catechol. 

The  low  temperature  {300-350  K)  broad  endother'xic  t'a^sitions 
with  ch‘»’‘'-cte*j‘‘lic  p  tte*n$  fo*  the  cohresponoinq  r-elonms  we'e 
obtained.  The  l'arMticn<i  are  reve^'^itle  with  lo'^a  themral  •e- 
tdxalton  times  (20  -  50  h).  That  p^rorntr-a  could  be  used  fo* 
ihdentificalion  q*  melanine  samples  from  different  s*u'ces. 

In  re  same  ?empe»ati’*e  veg»on,  NVR  results  ^  7^  with 
Icnq  •elaxatton  time  (T,  “  I  pms)  m  addition  to  the  lnv^a*2ant 
'non  relaxation  time  ‘(T*  'iiOus). 

F>th  *esuUs  support  the  hypothesis  of  sutunlt  laye'  stacking 
10  the  melAnio  nucleus. 
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ROL?  CF  THE  PHXPHATE  BIMWNO  SITE  IN  AN  ACTIVE  SITE  OF 
RABBIT  ALDOLASE.  (Part  2),  H.  OGATA,  Division  oi 

Cher^sitf^  and  Biocheisistry,  Tho  Sctiool  of  Allied  Health 
Science,  Yasagochl  University,  UBE,  Yaaagucbi-ben,  Japan. 

Rabbit  cyscle  aldolase  has  two  binding  sites  for  phos¬ 
phate  groups  of  substrates  in  an  active  site.  Alkanediol 
r.cnogiycoiate  bispf  ^spheric  esters  (P-O-CH^-CO-O-iOl^)  -0- 
PJ  <I>,  analogues  cf  substrate  FDP,  alkaneciol  bisphos- 
phates,  and  alkanoi  nonopbophates  were  synthesized  and  used 
for  probing  its  active  site.  The  inhibitor  constant  4Ki)  was 
la.'est  when  the  «axiRua  distance  between  the  phosphorus 
atons  of  the  bispbespbate  was  brought  close  to  that  of  FDP. 
Tf.e  binding  constant  cstiaated  froo  difference  spectra 
correlated  well  with  Ki  values  for  the  substrate  analogues, 
<C«ta  et  al.  3BA  7^2  n983>3SA-390>. 

^■^P  ‘WR  spectrua  of  the  synthesized  compound  <I  n=3>  in¬ 
dicated  two  peaks  for  the  phosphate  groups  of  this  compound. 
Each  teak  was  shifted  and  broadened  dlffemetiy  by  the  addi¬ 
tion  of  aldolase  <Kcbayashl  et  al.  Seikagako  53n9B»l68t>. 

It  has  been  suggested  that  the  binding  constants  between 
each  binding  site  for  phosphate  and  a  phosphate  group  of 
the  si.bstrates  can  be  deternined  in  the  various  conditions. 

Tne  synthesized  phosphate  coapounds  protected  aldolase 
against  deterioration  by  proteases,  but  several  nonophos¬ 
phates  increased  the  deterioration  of  aldolase  by  proteases- 
The  structures  of  the  phosphate  c-^— rounds  were  sensitive  to 
charge  for  protection  of  aldolase  against  these  enzyaes. 

Role  of  the  phosphate  binding  site  in  an  active  site 
rflil  be  discussed. 

063 

PRIMARY  STRUCTURE  AND  ANTIPROTEOLYTIC  ACTIVITY  OF  A 
NEW  KUnm-TYFS  INHIBITOR  FROM  BOVINE  SPLEEN 
F.  AscoU.  E.  FiorettS,  G.  lacopino,  D.  Barra  and  F.  Bossa, 
Department  of  Cell  Biology,  University  of  Caaerlno, 
CNR  Center  of  Molecular  Biology,  Institute  of  Biochemistry, 
University  of  Rone,  Italy. 

The  primary  structure  of  a  Kunitz-type  protease 
inhibitor  (jnhibitorll)  Isolated  froa  bovine  spleen 
has  been  conpietely  elucidated.  The  noleculo  contains 
58  aminoacids  in  a  single  polypeptide  chain,  its  sequence 
indicates  a  strong  structural  howlogy  to  the  known 
bovine  pancreatic  trypsin  inhibitor  (BPTI),  which  is 
also  present  in  the  sase  tissues  only  6  residues  are 
changed.  UV-CD  spectra  have  provided  inforaatlon  on 
the  secondary  structure,  similar  to  that  of  BPTI,  and 
on  the  envircnaents  of  the  aromatic  residues  and  of 
the  three  disulfide  bridges.  The  association  constants 
of  inhibitor  II  with  bovine  trypsin  and  chynotrypsin, 
and  porcine  kallikreln  have  been  deteroir.ed  and  compared 
with  those  of  BPTI  with  the  sase  proteases.  On  Uic 
basis  of  the  known  structure  of  tne  BPTI-kaUikrexn 
co-plex,  It  may  be  inferred  that  the  atblnoaeld  substitut¬ 
ions  found  can  reasonably  account  for  the  reduced  strength 
of  the  binding  of  irUvibltor  11  porcine  kaUikrein. 


065 

HDWLOBIN  SIRUaURE  CHANCES  PROBEO  BY  TRANSIENT  S.’ECTROSCOn 
J.  Hofrichter,  E.  R.  Hanry,  J.  H.  Socacr  and  W.  A.  Eaton, 

NIH,  Bethesda,  KD;  M.  Ikeda-Salto  and  T.  Yoncwnl,  U.  of 
Pcnn'.vWania,  Philadeiphla,  PA,  USA 

Rapid  structural  changes  In  hesoglobln  A  arc  probed  by 
nea^urlng  accurate,  titac-rcsolved,  absorption  spectra.  The 
socctrus  of  deoxyheiaoglobin  In  the  Sorct  band  Is  used  to 
probe  the  protein  structure  at  the  heew  binding  site.  Three 
structural  relaxations  are  observed.  Tlte  first,  occurring  at 
*100  ns,  takes  place  concooUant  with  'geolnaie*  rebinding  of 
the  pJ.otodlssoclated  ligand.  Several  lines  of  evidence. 
Including  recent  studies  ot  Iron-cobalt  brld  h^globlns, 
show  that  this  structural  relaxation  Is  localized  in  l.\dl- 
vldual  chains  of  the  totraeerlc  Kb  eolecule.  It  U  not  yet 
possible  to  d'  *;*mlne  to  vhat  extent  It  is  linked  to  the 
gesiln^te  rebinding  reaction.  A  second  relaxation  Is  observed 
at  i-2  ws.  Data  on  the  a(Co)B(re>  hybrid  suggest  that  the 
a(Co)  subunits  are  slightly  altered  during  this  relaxation, 
but  nuch  larger  changes  are  seen  In  the  B(Fe)  spectrua.  In 
a(F«)B(Co),  the  spectral  changes  In  this  relaxation  are  con¬ 
fined  to  the  '^i(Fe)  chains.  In  the  <{uaternary  relaxation  at 
20  us  the  spectra  of  both  a  and  B  heees  show  changes  of 
roughly  equal  nagoltude,  independent  the  position  of  the 
Co  substitution.  Accordingly,  the  1  /st  strictural  change 
can  be  viewed  as  a  pure  tertiary  relaxation,  resulting  froa 
changes  in  het?e  stercocheaistry  on  ligand  dissociation. 
Structural  information  appears  to  be  propagated  froa  the  8  to 
the  X  chain  in  vhe  second  relaxation,,  but  the  perturbation  is 
small  compared  to  that  which  results  from  the  change  in 
quaternary  structure. 


062 

HEME  GEOMETRY  AND  CO  REACTIVITY  IN  MONOMERIC  HEMOPROTEINS 
M.  Brunori,  P.  Ascenzx.  M.  Colctta  and  T.G.  Traylor,  CNR 
Center  for  Molecular  Biology,  Institutes  of  Chemistry  and 
Biochemistry,  Faculty  of  Medicine,  University  of  Rone  "I.a 
Sapienza*',  Rone,  Italy. 

The  effect  of  pH  on  the  spectral  properties  and  the  se¬ 
cond-order  race  constant  of  CO  binding  for  several  nonoseric 
hecoproteins  is  reported.  Kith  the  exception  of  Chironoaus 
chuioai  thusai  erythrocruorin  and  Aplysia  licacina  nyoglobin, 
the  latter  in  the  absence  of  acecica^id,  which  «c  pH  inde¬ 
pendent  frott  pH  2.5  to  9,  in  spern  whale,  horse,  Deraochelys 
coriacea  and  Coryphacna  hippurus  myoglobins,  lowering  pU 
brings” about  an  increase  of  the  second-order  rate  constant 
which  is  coaplctc  at  pH  2  and  can  be  described  by  the  proto¬ 
nation  of  a  single  group  with  a  pK^  around  3.  Moreover,  with 
the  exception  of  Aplysia  liaacina  myoglobin,  in  the  absence 
of  acetic  acid,  all' heaoproteins  investigated  display,  before 
the  pH  induced  denaturation  can  occur,  a  transient  dcoxy  spe¬ 
ctrum  very  similar  to  the  deoxy  tetracoordlnated  protohece. 
Such  a  pH  dependent  spectral  and  kinetic  behaviour  closely 
resembles  that  observed  in  chelated  heme  taodel  compounds  and 
attributed  to  the  protonation  of  the  proximal  histidine  with 
the  subsequent  cleavage  of  the  fifth  axial  bond  of  the  Fc 
atom  in  the  dcoxygenaced  derivative.  Within  this  model,  the 
energy  involved  in  the  movement  of  the  deoxy  Fe  atom  toward 
the  heme  plane  turns  out  to  be  the  crucial  step  in  determi¬ 
ning  the  height  of  the  activation  barrier  in  the  dynamic  path¬ 
way  of  CO  binding  to  monomeric  heaoproteins. 


064 

ASSEHILY  OF  HORSE  SPLEEN  APOFERRITIN  SUBUNITS 
E.  Chiancone.  S.  Stefanlni  and  P.  Vecchtnl,  CNR  Center  of 
Molecular  Biology,  Institutes  of  Chemistry  and  Biochemistry, 
Faculty  of  Medicine,  University  *La  Sapienza',  Rome,  Italy. 

The  association  of  the  24  subunits  of  mammalian  apofern- 
tins  yields  an  extremely  stable  polymer  which  dissociates  on¬ 
ly  at  extremes  of  pH.  The  subxrdts  obtained  upon  acid  dissocia 
tion  of  horse  spleen  apoferritin  (0.2M  giycine-HCl  buffer  at 
pH  1.8)  reassemble  into  wiiole  molecules  when  exposed  to  pH  va 
lues  around  neutrality  in  the  presence  of  mercaptoethenol.  A 
detailed  study  of  the  reassembly  reaction  by  sedlnentatlon  ve 
locity  has  brought  out  that  increasing  pH  values  In  the  range, 
3,0  -  4,5  differentially  stabilize  intermediates  of  increa¬ 
sing  molecular  weight,  i,e>  subunit  diners,  trimers  and  tetra 
mers,  and  that  polytter  formation  begins  at  pH  values  above 
3.2.  Changes  in  the  folding  of  the  polypeptide  chains  and  in 
the  envirennent  of  aromatic  residues  take  place  in  the  diffe¬ 
rent  stages  of  the  rcassenbiy  reaction  as  indicated  by  circu¬ 
lar  dichroista  measurements.  Tho  stable  reassembly  intermedia¬ 
tes  correspond  to  the  expected  ones  on  the  basis  of  the  inter 
subunit  packing  observed  by  X-ray  crystallography. 


066 

pH-I^3X'C^)  UNTOIDING  OF  TltB  OON^HINT  OF  ’nrEIM'IUM)- 

GLOTJULIN  LlOIir  QIAIN 

Y.  Ashikari.  Y.  Arata  and  K.  Hanaguchi.  Dept,  of  Blologj,*, 
Faculty  of  Scienco.  Osaka  Japan 

*ho  confonr.itlons  and  stabilities  of  the  intact  <X , 
reduced  C. ,  and  reduced  and  alkylated  C,  wre  s:tudled.  Tho 
a  fra^pefit  was  cbtalned  by  dlsestion  or  a  type  X  Dence 
Jones  protein  with  papalii.  The  results  of  rroasurorents  of 
circulai  dlchrolan,  fluorescence,  ultraviolet  al«orptl<xi, 
n.n.r.,  and  titration  of  Sll  grwips  vshcMtd  that  on  ruction 
of  the  intracAaln  disulfide  bond  no  significant  'Change 
occurs  In  the  conlonratlon  of  tho  C.  irwffrv  nt,  but  that 
reduction  follc^^ed  allc^'laticn  results  In  extenslw  unfolding 
of  the  protein  colccule.  The  pH-lnduof^  unfoW-ng  of  tho 
r^uced  was  ccr^jared  vdlh  that  of  the  intact  .  The 
unfoldlng^'equlllorla  by  acid  wre  explained  aasuuVng  that 
the  saT»  lootzable  groups  participate  in  the  unfolding  for 
the  reduced  C,  as  well  aa  for  the  Intact  C.  in  the  saao  way 
and  that  the  fetablUly  of  tho  intact  CL  isnoo  tlaiCiS  greater 
than  that  of  the  reduced  C. ,  The  unfolding  equilibria  and 
klnetlc>  of  the  r»*duced  <X*hy  alkail  were  explained  assuaing 
that  the  reduced  C,  irolecule  can  no  longer  assure  the  folded 
oenfomation  when  either  or  both  311  groups  IotIzc. 
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BIOPOWKERS  lOTAMICS  STUDIED  BY  RAYLEIGH  SCATTER- 
IHG  OP  BOSSBAUBR  RADIAIIOll  (RSMR). 
y>I>Goldanokii«  Yu«?,Krupyan3kii,I.V.Kurlnov, 
TTTTsEirfevIoE,  T.V.Zhuraylyova,  I.P.Sazdalev. 
Institute  of  CheoicaX  Piiysicd,  Acadeqy  of 
sciences,  Moscow,  U5SH. 

Incoheirent  RSHR  due  to  an  inherent  excellent 
energetic  rdsolution( '-lO’^ey)  provides  the  posoi* 
bility  to  study  real  individual  motions  of  otosis 
or  fragsionts  of  biopolyoors  with  a  relatively  low 
froquenciesC '-'10^  and  higher) .Teir^erature  depen* 
dencies  of  the  elastic  fraction(f  ^  )  for  Eoetcyo* 
globin,tzyp8in,chrosat(^hore  zaeabr  aes,hu!ran  se* 
rum  albuialn(HSA)  and  SNA  with  diff*  rent  hydration 
dcgreeCh)  were  atudied.The  peculiar  feature  of 
the  obtained  results  for  aa&ples  with  h>0«3  is 
tte  abrupt  decrease  of  f^  above  some  critical  ten* 
peraturo  2>200X.VaIue8  of  the  overall  D«s.d«<z^> 
for  all  biopolyoers  at  (T«300K)  becono  close 
to  I  A\RSUR  spectra  were  neasured  for  HSA  sasplos 
with  8  different  water  content  (h«0«05{0. 68:1.1)* 
Spectrun  of  HSA  with  hal.X.  shows  the  specific 
line  broadening  which  is  an  evidence  for  the  e^ds- 
tence  of  different  types  of  notion, with  different 
correlation  tines:  oec;-.10*^aec;and  >lO"*0ec, 

7he  obtained  results  may  be  interpreted  in  the 
frame  of  glass-like  model  for  biopolymers. 


069 

PROTEIN  ADSORPTION  HYSTERESIS  ON  TWO-DIMENSIONAL 
HYDROPHOBIC  BINDING-SITE  LATTICES 
Herbert  P.  lennissen 

Institut  lur  Physiologicy  Physiologischc  Cbemic  &  Errt^hrungs- 
physiologic  der  UniversitSt  .Muncheri,  Vetcrinarstr.  U, 

D-SOOO  .Mur>chen  22*  West  Germany 

In  protein  adsorption  hysteresis  the  dependent  variable 
(suriace  cor>centration  ol  protein)  lails  to  retrace  the  values 
traversed  in  the  iorward  process  uhen  the  direction  ol  change 
ol  the  independent  variable  (buik  equiiibrium  concentration)  is 
reversed  (I).  This  type  cl  hysteresis  should  not  be  ccolused  with 
the  hysteresis  concept  ol  Fneden  (2).  In  adsorption  hysteresis  ol 
the  eniymc  phosphorylase  b  on  butyl  Sepharose  the  system  per¬ 
sists  m  trajectories  distinct  Irom  the  reversible  change  trajec¬ 
tory,  as  lound  e.g.  lor  die  reversible  dissociation  ol  a  gas,  indi¬ 
cative  ol  long-lived  metastable  states  and  thermodynamic  irrever- 
sibltty.  The  dissipated  (irreversible)  Cibbs  Irec  energy  derived 
Irom  closed  adsorption-desorption  loops  lies  beiv-cen  -2  and  -12 
k3/(mol  X  K)  depending  on  the  sarlacc  concentration  ol  immobi- 
liicd  butyl  residues*  The  mechanism  ol  protein  adsorption  hystere¬ 
sis  C3)  probably  involves  conformational  changes  and  rearrange¬ 
ment  ellects  ol  the  protein  on  *he  gel  surface  leading  to  an 
increase  in  the  number  cl  interacting  immobilized  residues. 

1.  3ennissen,  H.P.  and  Botzet,  0.  (1979)  Int,  3.  Diolog.  Macro- 
molecules  1.  171-179 

2.  Frieden,  C,  (1979)  Ann.  Rev,  Biochcm.  48,  471-489 

3.  jcnmssco,  H.P.  (1983)  in  Affinity  Chromatography  and  Biologi- 
caf  Recognition  (Chaiken,  1,M.,  Wilchck,  M,  and  Parikh, 

1.  eds.),  pp  282-29&,  Academic  Press,  New  York 
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IWR  INVESTIGATIOi?  OF  SONICATED  UNIUMELLAR  VESiaES  AND 
HITIAN  ERYTHROCYTE  MEMBRANES  W.  Wu.  S,  R,  Dowd,  V.  Slttpla- 
ceanu,  and  C>  Ho*  Departaent  ot  biological  Sciences,  Carnegie- 
Mellon  University,  Pittsburgh,  PA.  U.S.A. 

DioyristoylphosphatldylcholinQ  (DXPC)  labeled  *>lth  a  C(’2 
group  in  the  4,  8,  or  12  position  of  the  2«acyl  cha'n  has 
been  studied  by  NMR  at  262,4  MHz  froa  26*-42*C  In  both 
sonicated  vesicles  and  huaan  erythrocyte  ccabranes.  The 
hWR  spectra  obtained  fron  vesicles  exhibit  two  rcsol’-ed 
signals  with  different  linevidths.  At  lover  teepcra.ures, 
the  linevidths  of  the  broader  ccoponent  Increase  dramatically 
with  2-(4,4-I9F2)DKPC  the  largest  and  2-(12,12-19f2)DKPC  the 
suallest.  A  quantitative  line  shape  analysis  la  possible  by 
using  experlBcntal  chemical  shift  anisotropy  (!a)  and  inter- 
nuclear  F-r  vector  order  parameter  (Syp)  values  obtained  from 
the  de-Paking  of  the  powder  spectrum  of  auUllaaeUar  lipo¬ 
somes.  It  can  be  concluded  that  either  the  rate  of  tutsbllng 
andfor  the  lateral  diffusion  of  the  Inside  and  outside  layers 
is  different*  or  the  two  layers  have  different  Spy  profiles. 
Synthetic  lipid  U  Incorporated  Into  erythrocyte  ghosts  by 
exchange  with  sonicated  vesicles  using  bovine  liver  PC  ex¬ 
change  protein.  The  pwder-pattern  spectra  of  the  erythrocyte 
ghosts  show  much  larger  No  and  Spp  values  chan  those  of  the 
phospholipid  dispersions.  They  arc,  however,  comparable  to 
spectra  cbtaiiicd  for  ^^F-iabeled  DMFC  in  the  presence  of\30X 
cholesterol,  these  results  demonstrate  chat  *9f labeled  llridt 
can  be  incorporated  into  erythrocyte  membrane.  Due  to  the 
senstclvicy  of  the  )9f  anisotropic  chemical  ahife  to  Jio  <n- 
viroraent*  ^^F  KHR  provides  a  valuable  tool  for  meabrano 
studies.  (Supported  by  grants  froa  the  MIH  and  NSF). 


068 

CHARACTESIZATXOII  OF  THE  TRAWSITIOH  STATE  OF  THE  LYSOZYI’iE 
UHFOIDIKO  S.  Scpawa.  M.  Sugihara,  K.  Kuae  and  S.  Kuroda 
Sch.  of  Sci.*  hvansei  Cskuin  Univ.,  Mishir.ozaiya*  Japan 

Kinetics  of  lysozyme  unfolding  has  been  investigated  In 
solutions  containing  different  hinds  of  denaturants,  in 
order  to  characterize  the  transition  state  of  unfolding  in 
teres  of  protein-solvent  interactions.  By  applying  the 
theraodynamlc  relations  to  the  parameters  of  the  activation 
processes*  we  obtained  results  that  the  change  in  specific 
heat  for  the  unfolding  process  is  nearly  equal  to  zero*  and 
that  the  activation  enthalpies  of  the  unfolding  processes  in 
various  denaturant  solutions  are  *he  same  as  each  other. 

The  effects  of  intrachain  cross-linking  and  inhibitor  bind¬ 
ing  on  the  refolding  rate  were  also  studied.  The  former 
greatly  accelerates  the  refolding  rate  but  the  latter  has 
little  effect.  All  these  results  suggest  consistently  that 
the  transition  state  is  similar  to  the  native  one.  The 
structural  fluctuations  in  the  folded  state  are  irpertant  to 
the  unfolding  transition.  Ve  studied  the  effect  of  cross- 
linking  on  the  fluctuations  in  the  folded  state  of  lysozyme. 
Hydrogen  exchange  rates  for  the  peptide  NH  groups  were  mea¬ 
sured  in  4.0  M  LiBr  solution  by  the  IR  method  at  pH  5.4  for 
intact  lysozyme  and  at  pH  7.8  for  -ross-linked  one.  The  ex¬ 
change  rate  for  cross-linked  lysozyme  was  smaller  than  that 
for  Intact  one  by  about  two  orders  of  magnitude*  if  we  took 
into  account  the  difference  In  pH.  The  exchange  mechanism 
was  the  low  activation  energy  process(AH«35  kcal/mol). 

These  preliminary  results  seem  to  suggest  that  cross- 
linking  greatly  decreases  the  extent  of  structural  fluctu- 
ations. 

070 

PICOSECOND  RELAXATIONS  IN  PROTEINS  OBSERVED  BY 
MH-WAVE  SPECTP.OSCOPf 

A.  Poqlitsch*  F.  Krejcer,  L.  Cenze),  Hax-P)anck-lnstitut  fur 
festkorperiorschung,  Stuttgart*  Fed.  Rep.  Gerraany 

Dynamic  processes  on  a  picosecond  tine  scale*  as  predic¬ 
ted  for  biological  macrosolecules,  can  be  studied  with  di¬ 
electric  spectroscopy  at  iw-wave  frequencies  by  use  of  the 
newly  developed  oversized-cavity  technique.  It  provides  for 
broadband  spectroscopy  in  the  frequency  range  fron  30  G4z  to 
300  GHz  and  at  temperatures  between  4.2  K  and  400  K. 
.Heasureoents  on  hemoglobin*  poly-L -alanine  and'lysozyne  will 
be  presented.  For  the  dried  raterials*  a  nearly  linear  in¬ 
crease  with  frequency  and  an  exponential  increase  with  teo- 
perature  of  the  absorption  coefficient  is  observed  between 
50  K  and  300  K.  This  frequency  and  temperature  dependence  is 
described  by  relaxation  processes  in  asyntrctric  double  well 
potentials  with  relaxation  times  in  the  picosecond  range. 
Hydration,  as  investigated  for  lysozyme,  yields  an  additio¬ 
nal  absorption  which  arises  only  above  120  K.  Its  frequency 
independence  indicates  relaxation  rates  for  the  bound  water 
that  are  small  compared  to  on-viave  frequencies.  Thereby  the 
contribution  of  bound  water  can  be  distinguished  from  the 
fast  intrinsic  processes.  An  assignment  of  these  picosecond 
relaxations  to  th^  NH  ...  OC  hydrogen  bond  of  the  peptide 
backbone  is  suggested. 


072 

A  PROTON  NOE  INVESTIGATION  OF  THE  CONFORMATIONS  OF  THE  HEME 
POCKETS  IH  UCArED  HUMAN  HEMOGLOBIN.  Cl4udlo  Dalvit  and 
Chien  Ho.  Department  of  Biological  Sciences*  Carncgic-Melloci 
University,  Pittsburgh*  PA  15213*  U.S.A. 

Proton  nuclear  Overhausor  effect  (NO*!)  measurements  have 
been  used  extensively  to  investigate  tho  detailed  conforma¬ 
tions  of  peptides*  proteins,  and  nucleic  acids  in  tho  solu¬ 
tion  ststc.  However*  ouch  of  the  published  work  has  dealt 
with  molecules  of  molecular  weight  less  than  15*000.  It  is 
generally  thought  that  specific  KOEs  cannot  be  cb8ervi>d  In 
larger  molecules  (due  to  spin  diffusion)  and  NOE  is  of  little 
use  in  conformational  studies  of  such  systems.  By  using  trun¬ 
cated  driven  NOE  with  short  Irradiation  time*  specific  ef¬ 
fects  arc  observed  in  several  proton  resonances  arising  froa 
the  heme  groups  and  frem  aaino  acid  residues  situated  in  tho 
vicinity  of  the  ligand  binding  site  (such  as  residues  E7  his¬ 
tidine  and  Ell  valine)  of  the  c  and  8  chains  of  human  normal 
adult  heaoglobln  (Hb  A)>  a  protein  of  molecular  weight  of 
55*000.  In  addition*  2-dtaenslonal  homonuclear  J-correlated 
ICiR  and  spin-echo  experiments  as  veil  as  theoretical  ring- 
current  calculations  have  confirmed  the  above-meat toned  spec¬ 
tral  assignments  obtained  by  the  l-dlmentional  KOE  experi¬ 
ments.  These  new  results  not  only  have  permitted  us  to  map 
the  heme  pockets  and  to  study  the  confortaatlonal  differences 
in  tho  hexe  pockets  between  O2  anc^  CO  forms  of  Hb  A,  but  alto 
have  demonstrated  that  the  technique  of  truncated  driven  NOE 
can  be  used  to  investigate  the  detailed  conformations  of 
selected  regions  in  larger  macrcaolecules  heretofore  thought 
not  feasible*  (Supported  by  research  grants  froa  tho  NIU 
(HL-24525)  and  tho  NSF  (82-08829)). 
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073 

LIMITED  PROTEOLYSIS  AS  A  TOOL  FOR  DETECTING  EXPOSURE  AND 
FLEXIBILITY  IN  GLOBULAR  PROTEINS:  STUDIES  ON  THERMO- 
LYSIN,  C.  Vita.  0.  Oalzoppo,  6.  Fassina  and  A.  Fontana, 
Inst,  of  Organic  Chwaistry,  Blopolyoer  Res.  Centre  of  CNR, 
UnW.  of  Padua,  Padua,  Italy. 

Lioited  proteolysis  of  theroolysin  with  subtIUsin  re¬ 
sults  in  cleavages  at  the  fOL-teroinal  end  between  Thr-4  and 
Ser-5  and  at  an  exposed  Iwp  220-228  between  Thr-224  and 
GIm-225  as  well  as  Gln-225  and  Asp-226'  Theriul  autolysis  of 
thennolysin  leads  to  cleavage  at  the  sane  loop,  followed  by 
a  slower  cleavage  at  the  hinge  peptide  (at  Leu-lSS  and  Ile- 
-156)  between  the  two  structural  donains  1-157  and  158-316. 
In  the  presence  of  10  rti  EOTA  at  pH  7.2,  fast  autoTysis  oc¬ 
curs  at  region  195-205,  which  is  involved  in  the  binding  of 
Ca(4)  in  the  native  protein.  Of  interest,  these  cleavages  of 
the  polypeptide  chain  of  thermolys)n  do  not  lead  to  unfol¬ 
ding  or  dissociation,  so  that  it  was  possible  to  isolate  and 
characterize  “nicked*  thermolysin  species  constituted  by  a 
strong  association  of  two  as  well  as  three  fragoents.  These 
results  correlate  well  with  the  known  three-dimensional 
structure  of  theroolysin  and,  in  particular,  with  the 
location  of  the  sites  of  the  polypeptide  chain  characterized 
by  highest  oobility  in  native  theroolysin,  as  recently 
deteroined  by  X-ray  crystallography  (Koines,  H.A.  and 
.Matthews,  8.M.  (1982)  d.  Mol.  Biol.  160.  623-639). 


075 

REACTION  kinetics  0?  GLYCOGEN  PHOSPHORYLASES  c  AND 
b  BY  FLOW-OUENCH  METHOD. 

r. J.Netkamura  and  H.Kihara.  Department  of  Physics 
Jichi  Meidcai  School/  Kinanikawachi/  Tochiqi-ken 
JAPAN 

Reaction  of  clycoqcn  phosphorylases  c  and  h 
with  olucose-l-phosohatc  and  rcaltoheptaose  was 
surveyed  by  flow-quench  method.  In  the  case  of 
phosohoryXase  a  ,  reaction  curve  aqainst  time  shows 
a  tine  laq  of  c.a.  20  s.  It  is  qualitatively  in 
oood  aareenent  with  the  relaxation  tire  obtained 
by  stopped-flow  X-ray  scattering  (H.Kihara  et  al. 
unpublished) .  On  the  other  hand«  in  the  case  of 
Dhosphorylase  b  ,  the  reaction  curve  shows  no  time 
iaa  in  sec  order.  Results  implies  that  phosphoryl- 
ase  c  takes  tetrainer-dirser  interconversion  throuoh 
its  reaction  courser  whereas  phosphorylase  b  does 
not  take  any  tetrameric  forws  through  its  reaction 
course#  since  tetrareer-ditaer  interconversion  of 
phosphorylases  c  and  b  is  slow  cnouch  to  be 
detected  by  our  flow-quench  device. 


077 

APPLJCATIOSS  OF  a-NKR  TO  Aq^EOUS  SOLUTIONS  OF  URINE  COMPONENTS 
S,  Nakaya.  T.  Tanaka,  R,  Honjo,  Y,  Yoahicka  and  5,  Ya?!, 
of  Fhyslol.,  Set.  of  Hod.,  Ztate  Kod.  Unlv,,  Kcrloka,  JAPAN 
AguQoua  solutions  of  NaCI,  KCl  and  ur«a  proparod  oaoh 
In  the  20  NMR-tube  as  a  5  ol  cOliguot  of  differing  concent¬ 
ration  (0.1  to  6  H)  by  dissolving  pure  reagents  (wako's  for 
Sad  &  KCl,  Nakar'il's  for  urea)  in  water  and  adding  0.5  nl  0*0 
for  NHR  field  lock,  and  then  were  oxonined  each  on  J  fundosen- 
tal  paroEoters  of  the  hMH  by  using  a  Brukor's  60  KHz  H-bMR 
epectroaetor  with  a  nagnet  which  was  set  in  a  rooa  (4 iie 
3x5x2  teaporature  huaidtty  «0  ^  S  %},  Each 

FT-spectruB  taS^n  by  checking  the  180^  pulso  width  ^«twccn 
36.6  and  lAj.o  nlcro-sec  shewed  a  single  peak  at  4,70  ^  o.Oi 
ppo,  of  which  the  relaxation  tlao  was  obtained  in  t}  and  Tz. 
lith  an  Inereoae  of  the  concentration,  especially  at  lower 
concentrations,  the  spectrua  decreased  the  size  in  the  area 
but  not  so  B‘4Ct«  in  the  height  and  then  in  the  width  showed  the 
decrease  going  along  a  hyperbolic  curve  deeper  for  urea  than 
that  for  NaCl  and  KCl.  Similarly,  at  lower  concentrations,  Tj 
decreased  reaarkably  from  0.81  ^  0.75  sec  of  pure  water,  re¬ 
sulting  in  a  hyperbolic  curve,  to  0.33  0.07  sec  at  5  H  for 

uret,  to  2.47  ♦  O.I7  at  0.4  M  for  NuCl  and  to  2,ts>  ♦  0.2>  al 
O.t  M  for  KCl.  At  higher  concentrations  of  NaCl  and  KCl,  the 
Tz  Showed  no  sore  sicntficant  decrea.?©  but  rather  a  tendency 
for  KCl  to  increase.  On  the  other  hand,  T|  values  asong  the 
different  coapeneate  were  not  slisjiiftcanily  different  froa 
those  of  pure  water  (3.34  ♦  0.24  boc).  The  results  tuggested 
the  behavior  in  the  NKR  of  those  different  urine  coapoaents 
corresponding  to  th:<i  in  their  physical  properties  (bpecific 
gravity,  vlfacc-Sity,  ...)  dependent  on  the  extents  of  solvation. 


074 

TRYPTOPHAN  OXIDATION  KINETICS  IN  MIXTURES  CF 
HYDROGEN  PEROXIDE,  BICARBONATE  AND  OIOXANE 

R.P.  Bray,  S.  R3iCcvid,**L.  Weglarz,  J.  Hraoisa^d^evi6,  0,  VuCelid 
Inst,  of  General  and  R^ys.  Chemislry,  Belgrade  University 
*‘SjIesian  Med.  Ar—d.,Inst.  of  Chemistry  and  Physics,  Sosnowicc, 
Poland ;  Dept,  of  Phys.  Chem.,  Faculty  of  Sciences  and  Mathem. 
Belgrade  Universi  ty 

The  kitties  of  oxidation  of  tryptophan  to  oxirdolsalarlre 
have  teen  monitored  spectrally  at  v3rIo«»  concentrations  of 
hydrogen  peroxide,  annmonlum  bicarbo''aie  and  dioxaoe.  In  one 
series  of  experiments,  tryptophan  and  hydrogen  peroxide  were 
'ept  constant  in  0.4,  0.8,  1.0  and  1.2  M  bicarbonate  soSutio'^s 
ccntaicing  0,  2,  4,  8  and  12%  dioxare  for  caffi  cicarfcorate 
concentration.  Plots  of  In(A***-A?.** )  versus  time  gave  linear 
semi-log  plots  typical  for  a^pseudo-first  o^Jer  reaction  at  i.O 
and  1.2  M  bicarbonate  in  the  presence  of  dioxane.  In  contrast, 
bijxwsic  kinetics  with  a  slow  Initial  rate  Jcllowed  by  a  fasie' 
rate  were  obtained  at  0,4  and  0^  M  bicarbonate  in  the  presence 
or  absence  of  dioxane.  Thus,  conditions  of  hi^  bicarbonate 
concentration  (1.0-1.2  M)  were  preferable  due  to  the  pseuco- 
-flrst  order  kinetics  and  the  faster  rate  order  kinetics  and  the 
faster  rate  of  reaction.  At  such  bicarbonate  levels,  t-ypiopnan 
oxidation  kinetics  were  extensively  studied  at  various  hydregen 
peroxide  and  dioxane  concentrations. 


076 

KMR  RELAXATION,  FLUORESCENCE  DEPOLARIZATION  AND  PROTEIN 
DYNAMICS:  THEORY  AND  EXPERIMENT.  Attlla  Szabo,  Uboratory  of 
Chcalcal  Physics,  NIADDK,  NIH,  Bct'.iesda,  KD,  USA. 

Nuclear  saguetlc  relaxatioo  and  else-resolved  fluores¬ 
cence  depolarlzacion  of  probes  accaehed  to  aaerosolecules  or 
oabedded  In  scubranes  reflect  Che  internal  dynaslcs  of  these 
systess.  How  should  one  analyze  such  experlMcncs  to  extract 
their  unique  infonaacion  concent  and  how  do  these  results 
coBpare  with  the  predictions  of  Mlccular  dynsslcs  slcul- 
ationsT  For  NiCR,  the  uniqueness  probleta  for  fast  local 
eotlons  can  be  solved  in  a  rigorous  and  slsple  way  once  it  is 
realized  that  the  Infocsation  content  of  such  experiaents  is 
ccoplctely  specified  by  two  taodel  independent  quantities:  a 
generalized  order  paraaeter  and  an  effective  correlation  cine 
which  are  seasures  of  the  spatial  restriction  and  the  cine 
scale  of  the  aotlon,  respectively.  In  order  to  interpret 
fluorescence  studies  where  the  tiae  dependence  of  the  aniso¬ 
tropy  depends  on  cxcicatlon  frequency  and/or  the  total  inten¬ 
sity  Is  Bultiexponential,  ve  have  developed  a  cosprehenslve 
foraallsa  that  treats  both  excited  state  and  orientational 
dynaalcs  in  a  unified  way.  Our  approach  readily  handles  not 
only  the  overall  and  internal  reorientation  of  probes  but 
also  such  coeplications  as  energy  transfer,  heterogeneity 
and  the  Interconvcrsion  of  excited  states  with  different 
mission  characteristics.  Illustrative  applications  to  the 
analysis  of  expcrlaental  data  will  bo  presented  and  the 
results  will  be  used  to  show  that  itolccular  dynaalcs  sleul- 
ations  for  pacreatlc  trypsin  Inhibitor  predict  generally 
saallcr  aotlonaX  asplitudes  Chao  detected  experleentally. 
Several  possible  explanations  for  this  discrepancy  will  be 

078 

CATALYIICAILY  DEFECTIVE  SEHISYNTHET IC  RIBONUCIEASES.  H.S. 
Stern,  H.S.  Doscher,  P.D.  Kartin  and  B.F.P.  Edwards,  Dept. 
ofTlochcra.,  „yne  State  Unlv.  Sch.  Ked.,  540  E.  CanField 
St..  Detroit,  MI  48201,  U.5.A. 

The  fully  active  seralsynthetic  enzyse  fonaed  by  the  non- 
vovalent  Interaction  of  residues  1  through  118  of  bovine 
pancreatic  rihcnuclease  (RNase  A)  and  a  synthetic  tetradeca- 
peptide  containing  residues  Ill  through  124  at  the  enzyne 
allows  cethodlcal  study  of  the  role  of  several  residues  at 
or  near  the  active  site  of  the  oolecule.  Refined  structures 
at  2.0  A  of  the  parent  enzyoe  (RNase  1-118:1U-124)(R*0.23) 
and  a  catalytlcally  defective  (I3Y  active  at  pH  6.0)  analog 
In  which  leucine  replaces  phenylalanlne-120  (R*0.24)  have 
been  obtained.  In  the  fully  active  parent  enzyrse,  active- 
site  residue  hlstIdlne-119  occupies  two  positions,  one  clear 
ly  exterior  to  the  active  site  (Interior  *  exterior  Is 
achieved  by  an  approxlrately  180°  rotation  about  the  a-B 
bond  of  this  residue);  the  occupancy  of  the  exterior  posit¬ 
ion  Is  roughly  twice  that  of  the  Interior  position.  In  the 
leuclne-120  analog,  only  the  exterior  site  Is  occupied.  No 
other  differences  of  coaparable  eagnltude  exist  between  the 
two  structures;  hlstldine-12  and  lyslne-41  positions  are  not 
detectably  different. 

A  second,  catalytlcally  defective  vl.6S  active  against 
eytidlne-2'.3'-cycllc  phosphate  at  pH  5.8)  analog  has  been 
obtained  by  replacing  aspartic  acld-121  with  asparagine. 
Further  hinetic  characterization  of  the  enzyse  1$  underway 
as  are  attojpts  to  grow  diffraction-quality  crystals. 
(Supported  In  part  by  funds  froo  NIH  Grant  05384.) 
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079 

PROTEIN  FOl-DING  -  A  NCW  APPROACH  ANO  ALGOIU1HM. 
A.S,  Kolaskar,  V.  Ram^Mhmam  and  B.V.O*  Hrddy 

Crystal  structural  data  of  large  rmmbcr  of  globular  protcios 
have  been  analyzed.  Ibis  analyses  have  been  used  to  categorise 
secondary  structures  in  two  types.  Type  1  of  secondary  struc¬ 
tures  arc  formed  due  to  intrinsic  preference  of  constituent 
amino  acids  and  type  II  arc  formed  mainly  due  to  tertiary 
interactions.  Further,  potential  values  are  derived  not  only 
for  single  residue  but  also  for  pair  of  residues  using  proba¬ 
bility  of  occurrence  values  in  -  Ramachandran  plot. 

These  pair  of  amino  acid  residue  potentials  were  used  to 
predict  rou^  three  dimensional  structure  of  protein  from 
prtnfuiry  structure  without  going  through  the  step  of  predicting 
secondary  structures.  Our  results  are  quite  encouraging,  fhus, 
for  the  first  time  a  simple  method  has  been  developed  which 
can  predict  three  dimensional  structure  of  globular  proteins 
and  can  bo  used  on  home  computers. 

These  studies  along  with  our  studies  on  analysis  of  c-DMA 
sequence  dat.n  indicate  that  the  rate  at  whi^  polypeptide 
chain  IS  elongated  on  ribosome  Is  an  important  factor  m  detcr- 
minif^  the  three  dimensional  structure  of  the  molecule  and 
not  only  its  primary  structure.  The  information  of  usage  of 
particular  codon  for  coding  an  ammo  acid  must  therefore 
be  incorporated  in  prediction  scheme.  Cor  results  arc  discussed 
to  show  the  correlation  between  codon  usage  and  conformation 
of  amino  acid  residue  in  protein. 


081 

STOaiASTIC  CeSCRIPnCN  of  SSC^E^T  M?nCN  IN  BIOIOGICAL 
>5CR0MDI£C0I£S 

C.  Blcrrbcrg  and  0.  Edholra,  Department  of  Theoretical 
Physics,  Royal  Institute  of  ToAnology,  S-100  44  Stockholm, 
Sweden. 

It  Is  a  desirable  goal  describing  dynamics  of 
biological  nocrcmaloculcs  to  extract  slrple  basic  rc<^tanls% 
geventir^  notion.  Sudt  a  nectianlsn  would  be  the  rove- 
rrent  of  a  corparativcly  oniU  segment  of  the  nolcculc. 

A  way  bo  describe  su^  notion  is  to  use  sto<^iastic  oqua- 
tiens  where  a  snail  nurber  of  degrees  of  froodcca  are  treatoa 
explicitly  while  nost  of  them  arc  cccisiderod  nercly  as  a 
randen  badtgrotnd.  The  sicplcst  case,  that  of  diffusicn 
alor^  a  onrdinor^icml  reaction  oeoxdinato  across  a  bar^ 
ricr  is  often  not  sufficient  to  give  a  good  description  in 
ocrplicatod  systens.  Vto  study  the  barrier  passage  problem 
in  several  dirt^sions  in\olvin9  potentials  of  saddle  point 
sh:^  but  also  of  more  ccrplicat^  structure.  Wo  also  con** 
sld^  gcncralisaUons  of  simple  Brownian  motion  theory  that 
are  necessary  to  give  a  prep^  dcscclpticn  of  the  ran^ 
background  in  thc^  systems.  This  foxrs  a  basis  for  the 
interpretation  of  experimental  data  from  o.  g«  KMR  that 
contain  information  about  tho  dynamics.  We  primarily  con** 
sidcr  lipid  molecules  in  rotbranes  because  of  their  ccr»- 
parativc  sirplicity  and  that  a  large  amount  of  c»pcrimcn* 
tal  data  arc  avail^lc  but  our  methods  arc  al^  applicable 
to  other  types  of  largo  moloculcs. 


083 


STUDIED  BY  X-RAY  SCATTERING  -  SIGNAL  TRANSMISSION  FOLLOWING 
EFFECTOR  BINDING 

Patrick  TAUC*.  Patrice  VACHETTE*.  Guy  “''.RVE*.  Peter  OONES» 
and-MIdTael  HOODT". 

•jlaboratolrc  d'EntyisoIoBle,  C.N.R.S.  91190  GIT-sur-Tvettc, 
France:  *)L.U.R.E,  UnIversItO  Paris-SuO,  91A05  ORSAT,  France 
and  >)C,H.S.L.  6900  Heidelberg,  West  Gcroany. 

The  effect  of  binding  ATP  or  CTP  to  ATCase  was  studied 
by  X-ray  solution  scattering  using  a  synchroton  radiation 
X-ray  source.  Binding  of  substrate  analogues  produces  a 
substantial  change  of  solution  scattering  pattern  (Moody  et 
a1.,  1979).  allowing  us  to  monitor  the  proportion  of  tHc 
3Tfferent  quaternary  structure  states  present  in  solution. 
In  the  Initial  solution  this  proportion  was  cade  roughly 
unity  by  adding  carbatyl  phosphate  and  succinate,  or 
K-(phosphonacetyl)-L-aspartato  (PAIA).  ATP  or  CTP  were  then 
added,  and  their  effect  on  the  proportion  of  the  different 
quaternary  structure  states  was  followed.  We  find  that  when 
carbaoy)  phosphate  and  succinate  were  used,  ATP  or  CTP  had  a 
clear  effect.  However  when  PALA  was  used,  ATP  had  no 
detectable  effect  while  CTP  night  cause  a  weak  change  in  the 
scattering  pattern.  This  result  supports  the  explanation  of 
Tauc  et  a1.  (1932),  that  the  effect  of  nucleotides  fs 
esscntTalfy'lexclusiyely  In  the  case  of  ATP)  on  the  affinity 
at  the  active  sites  for  substrate  and  not  a  direct  one  on 
the  quaternary  structure  equilibriua.  Tauc  P,,  Leconte  G., 
Xerbiriou,  0.,  Thiry,  1.  and  Hervf,  C.  (1982)  ■).  Mol.  Biol. 
159,  159-168.  Moody,  H.F.,  Yachette,  P.  and  Foote.  A.H.. 
tT979)  J.  Mol.  Biol.,  m.  517-532. 


080 

EtECTKOSOfATIC  AND  HYDROPHOBIC  DEHYDRATION  OF  THE 
ACTIVE  SITE  OF  ACETYICHOLIHESTERASE 
H.R.PavIiS, Institute  of  Biochemistry .School  of 
Modicino, Ljubljana, Yugoslavia 
It  was  found  recently  in  our  laboratory  that  the 
acceleration  of  acylation  of  cholinesterases  by 
some  cations-resulta  from  a  dehydration  of  the 
active  sites  under  the  influence  of  accelerators] 
the  best  accelerators  are  Li'*'  and  tetranethylan- 
monium  and  tetraethylammonium.ln  order  to  get  an 
insight  into  the  nature  of  dehydration, the  acy¬ 
lation  of  acetylcholinesterase  in  the  presence 
and  absence  of  accelerators  was  investigated  at 
various  temperatures. Hahing  use  of  the  usual 
thermodynamic  equations, some  characteristic  ther¬ 
modynamic  quantities  were  determined.lt  was  found 
that  all  accelerators  increase  the  entropy  of  ac¬ 
tivation  of  the  acylationjLi  increases  also  the 
enthalpy  of  activation  whereas  tetramethylammo- 
nium  and  tetracthylammonium  do  not  change  this 
quantity. These  and  some  ether  results  indicate 
that  the  dehydration  of  the  active  site  of  ace¬ 
tylcholinesterase  results  from  a  reorientation 
of  water  in  the  active  site;in  the  case  of  Li/ 
the  reorientation  is  electrostatic  and  in  the  ca¬ 
se  of  tctramethylammonium  and  tetraethylammonium 
it  is  hydrophobic. 


082 

NMR  STUDIES  ON  THE  OENATURATION  OF  LYSOZYKE 

M.  Sheinblatt,  Department  of  Chemistry,  Tel-Aviv  University, 

69978  Raaat  Aviv,  Israel 

NKR,  as  well  as  photospectroscopy  studies  on  the  dena- 
turation  of  lysozyme  in  the  presence  of  socse  of  its  specific 
inhibitors  is  reported. 

Tne  NHR  neasurenents  of  both  the  enzyme  and  the  inhi* 
bitors  molecules  indicate  that  in  the  presence  of  bound 
inhibitor  molecules,  the  enzjTse  is  more  resistant  to  the 
effect  of  the  denaturant  aoent  (GuHCl)  as  compared  to  the 
free  enzyme.  This  observation  is  discussed  In  terns  of  the 
denaturation  process. 


084 

dynamic  solvent  accessibility  of  BPTl  AND  OF  THE 
BPTI-TRVPSIN  COMPLEX.  C,  Woodward,  E.  Tuchaen  &  V, 
Copie,  Biochealacry  DepL>,  Untv.  of  Minnesota,  Sr. 
Paul,  Minnesota  5^106  U.S.A. 

Solvent  Isotope  exchange  of  peptide  aside  pro¬ 
tons  And  of  Internal  water  deuonstrate  that  re¬ 
gions  of  bovine  pancreatic  trypsin  Inhibitor 
(DPTl)  and  BPTX-trypsln  that  are  buried  In  the 
static  crystal  structure  have  tone  accessibility 
to  solvent  In  the  dynanlc  solution  structure. 
Exchange  kinetics  for  39  of  the  53  backbone  NH*s 
tn  8PT1,  deterntned  over  a  wide  range  of  pH  and 
tcaperature.  Indicate  that:  1)  Cheaical  exchange 
Involves  0-proconatton,  and  the  probability  of 
exposure  to  solvent  of  peptide  0  and  N  atoas  are 
dsteralned  fron  the  catalytic  rate  constants.  2) 
BPTI  surface  NH*t<  exchange  slower  than  aatall 
peptide  MH'a,  Indicating  that  Nil's  with  finite 
static  accessibility  and  no  internal  H-bondlng  are 
shielded  in  the  solution  structure.  3)  Aaong  the 
NH'a  in  the^^-aheet  core,  the  Nil's  of  residues  21- 
23  are  qua*.xtativeiy  slower  exchanging.  4)  The 
effect  oil  BPTI  exchange  rates  fron  binding  of 
crypsln  Is  highly  localised.  Solvent  exchange  of 
burled  H2^  ‘  wafer  molecules  In  BPTl-trypsin  has 

been  aeasu  <J  by  a  technique  Involving  rapid  dial¬ 
ysis  and  aata  spsetroaetry.  The  BPTI-trypsln  crys¬ 
tal  structure  has  33  buried  watar  aolecules. 
label  remaining  with  the  complex  after  30  sec. 
corresponds  to  4-8  H^O/molecule  of  complex. 
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STUDIES  OK  THE  DISSOCIATION  OF  aS  OIKEfiS  OF  HEK0GL08IN  A. 
J.R,  Shaeffer,  H.J.  McDonald,  S.H.  Turd,  O.M.  DInda,  arwl 
H.F.  Bunn,  The  Center  for  Blood  Research,  and  Brlghaa  and 
Wocren’s  Hospital,  Boston,  Hass.,  USA. 

Adult  human  hemoglobin  tetramers  (HbA  «  0282)  dissoci¬ 
ate  into,  and  exist  In  equiltbrlinn  with,  small  amounts  of  oB 
dimers.  To  determine  if  aB  dimers  dissociate  Into  a  and  b 
monomers,  isolated  chains  {*0.1  rag/ml)  were  incubated 
with  either  O.I,  1,  or  10  mg/ol  of  unlabeled  CO-HbA  in  O.Ol 
M  POafK^)  pH  7.0  at  25*C  for  several  days.  Samples  were 
withdrawn  at  various  times,  and  the  free  a  monomers  and  HbA 
tetraoers  were  separated  by  electrophoresis  on  cellulose 
acetate  or  chromatography  on  DEAE-cellulose.  Radioactivity 
analysis  showed  a  slow,  steady  transfer  of  ^H-a  chains  into 
HbA  (e.g.,  "55X  of  chain  cpn  were  incorporated  Into 
HbA,  10  mg/ol,  after  72  h).  The  initial  rate  of  this 
transfer  increased  directly  with  the  calculated  concentra¬ 
tion  of  oB  dimer.  Additional  evidence  (e.g.,  separation  of 
the  globin  chains  on  a  CK-cel1u1ose  colienn  in  8  H  urea  or 
Sephadex  chromatography  in  O.IO  H  NaCl)  showed  that  the 
^K-cpm  in  HbA  were  in  intact  a  chains  that  were  an  integral 
part  of.  and  not  adsorbed  to,  the  tetramer.  In  a  comple¬ 
mentary  experiment,  unlabeled  a  chains  {*6  mg/nl)  were 
incubated  with  12  mg/ol  of  3H-HbA  (a/B  cpo  ratio  •  0.28), 
and  of  the  ^H-KbA  cpo  were  transferred  into  free  a  chains 
after  240  h.  These  results  show  there  was  an  exchange  of  a 
chains  between  free  oonomers  and  those  in  HbA  subunits  and 
were  used  to  calculate  a  rate  constant  k  fo'"  the  dissocia¬ 
tion  of  oB  dimers  into  a  and  B  monomers  of  x  10*3  h**. 


087 

ON*  THE  ELECTRICAL  INTERACTION  IN  BIOFLUIDS 
J.r"  Grioera.  F.  Vcricaf  and  L.  Blunt  ^Institute 
do  Fisica  de  Liquidos  y  Sistenas  Biologicoo 
(IFLYSIB),  1900  La  Plata#  Argentina.  **Departnent 
of  Physics#  University  of  Puerto  Rico,  Rio 
Piedras,  Puerto  Rico  00931. 

The  effect  of  the  ions  on  the  forces  between 
charged  groups  of  macronolecules  is  considered. 
It  is  pointed  out  that  the  main  action  of  the 
ions  is  due  to  the  charge  screening.  This 
screening  can  be  included  in  the  Coulomb's  law 
as  an  effective  dielectric  periaittivity  and  will 
depend  on  the  salinity  of  the  nediun  in  such  a 
way  that  departures  from  the  physiological 
concentration  could  disturb  the  force  balance. 
The  screening  offectivity  can  be  roughly 
qu'-^cizied  by  a  tine  and  a  length.  The  time 
being  a  measured  of  how  fast  the  rearragenent  of 
the  ions  •  take  place,  while  the  length  gives  an 
idea  of  the  size  of  the  ion  cloud  around  the 
charges.  In  this  work  the  former  is  estimated 
through  the  Maxwell's  relaxation  time  and  the 
latter  using  the  Mean  Spherical  Approximation 
(MSA).  The  computed  screening  length  for  a 
number  of  salts  allows  to  order  the  ions  in  a 
series  that  resembles  the  well  Known  Hoffneister 
series. 


089 

.'RTCOKATE  UCTONISINC  ENZYME  AT  A  RESOLUTION 
A.  Coldaan,  D.  L.  Ollis  and  T.  A  Sccltz,  Departeent  of 
Molecular  Biophysics  and  Blochcaistry,  Yale  University,  New 
Haven,  Connecticut,  U.  S.  A. 

Ve  have  obtained  crystals  of  Kuconate  Lactonisin^  Enzyme 
froa  Pseudomonas  putida  which  diffract  to  better  than  2*4  A 
resolution.  The  cnzyiu;  has  a  solecular  weight  of  40  kD,  and 
contains  one  Manganese  atoa  per  Bonescr.  The  cell  disensions 
arc:  139*3  by  139*3  by  84*1  A  in  the  space  group  14,  giving  a 
Vq  of  2*S  X}  per  Dalton,  assuaing  two  eonosers  in  the  asya- 
aetrlc  unit.  The  two  aonoacra  are  related  by  a  non-crystal- 
logrsphic  tvo-fold  axis,  which  is  perpendicular  to  the  crys¬ 
tallographic  four-fold  axis,  and  is  inclined  at  an  angle  of 
24  degrees  to  the  x-axis. 

Using  two  heavy^toa  derivatives,  Sa(Ac)i  and  KzFt(N02)%, 
wo  have  calculated  a  aap  at  6*3  A  resolution.  Syisaetry-aver- 
aging  and  aolecular  repUceaent  have  iaproved  the  aap;  the 
final  figure  of  aerit  is  above  0*8.  This  aap  shows  that  the 
enzyae  is  a  tightly-packed  octoaer  with  D4  syasetry,  with 
more  intra-octoaer  than  inter-oetoser  contacts.  This  contra¬ 
dicts  earlier  solution  aeanurcaents  (I),  which  indicated  that 
the  oligoaeric  aolecular  weight  was  240  to  25S  kD,  consistent 
with  the  enzyae  being  a  hexaaer.  We  are  currently  collecting 
data  to  high  resolution  and  will  use  aolecular  repUceaent  to 
ifiprove  that  aap. 

(1)  C.  Avigard  et  al,  J.  Mol.  Biol,,  651-662  (1974) 
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EFfECriVE  INTER-RBSIDUE  CONTACT  ENERGIES  FROM  PROTEIN  CRYSTAL 
STRUCTURES.  S.  Miyazawa  and  R.  L*  Jernigan,  Lab.  of  Math. 
Biol.,  KCI,  Nat.  Inst,  of  Health,  Bethesda,  Maryland,  USA 
Contact  energies  for  proteins  in  solution  are  estiaated 
froa  the  nuabers  of  residue-residue  contacts  observed  in 
crystal  structures  on  the  basis  of  the  quasi-cheaical 
approxieation  with  an  approxlaate  creacacnc  of  the  effects  of 
chain  connectivity.  A  protein  is  regarded  as  a  close-packed 
mixture  of  unconnected  residues  and  effective  solvent 
Dolecules  whose  size  Is  the  average  size  of  a  residue.  A 
basic  assuapeion  is  that  the  average  characteristics  of 
residue-residue  contacts  forced  in  a  large  nuaber  of  protein 
crystal  structures  reflect  actual  differences  of  interactions 
acong  residues,  as  if  contacts  acong  residues  and  solvent 
oolecules  in  each  protein  were  in  quasi-ehealcal  equlllbriua. 
The  nuaber  of  effective  solvent  colecules  for  each  protein  is 
chosen  to  yield  the  nuaber  of  residue-residue  contacts  equal 
to  its  expected  value  for  the  hypothetical  case  of  hard 
sphere  repulsions.  A  residue  Is  represented  by  the  center  of 
its  side  chain  atoa  positions,  and  contacting  residues  arc 
defined  to  be  close  pairs  within  a  distance  of  6.SA;  nearest 
neighbor  pairs  along  a  chain  are  excluded.  Coordination 
nuabers,  for  each  type  of  residue  and  solvent,  are  estiaated 
and  used  to  evaluate  the  nuabers  of  residue-solvent  and 
solvent-solvent  contacts.  Estiaated  contact  energies  have 
reasonable  residue-type  dependences;  e.g.,  non-polar-in  and 
polar-out  are  seen  as  well  as  the  segregation  between  these 
residue  groups.  There  is  a  linear  relationship  between  the 
average  contact  energies  for  non-polar  residues  and  their 
hydrophobicitics  reported  by  Kozaki.and  Tanford. 
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ESR  STUDIES  ON  IRRADIATED  SlNaE  CRYSTALS  OF  OXYMYOCLOBIN 
W.Leibl >  W.Nltschkc  and  J.HUttemann.  Inst.  f.  Biophysik 
und  Phys.  Biocheaie,  UniversiUt  Regensburg 

X-Xrradiation  of  single  crystals  (type  A)  of  oxynyoglobin 
at  77  R  results  in  electron  addition  to  the  Fe-02  unit.  Be¬ 
sides  the  nitrosyl,  the  superexidc  derivative  that  is  forfwd 
is  the  only  species  whose  parasagnetisB  does  not  stea  froa 
the  eetal  ion. 

An  ESR  crystallographic  study  was  pursued  with  the  dioxygen 
ligand  enriched  to  30Z  in  and  with  ^'Fc-substituted  syo- 
globin.  There  are  two  spectroscopically  distinct  Fe02*  spe¬ 
cies.  For  the  eore  abundant  species,  ?  I,  the  g-tensor 
<2.23,  2.13,  1.97),  the  >^0  Hf-tensor  (-27,  16,  6  G)  and  the 
Hf-tensor  (16,  6,  5  C)  were  deterained  shoving  aost  of 
the  unpaired  spin  density  in  the  iron  d{2  and  dys  orbitals 
with  an  oxygen  fT-orbital  population  of  approximately  .3 
mainly  in  the  "in  plane"  orbital.  The  resulting  Fe-llgand 
geoaetry  was  found  to  be  strongly  tiltad  with  a  bond  angle 
of  118^,  the  0-0  direction  pointing  towards  the  distal  his¬ 
tidine. 

Upon  annealing  the  saiq>les  above  180  K  two  new  paranagnetic 
centers  were  irreversibly  forced,  possibly  as  a  result  of 
protonation  of  the  ligand.  Both  secondary  species  and  the 
other  prieary  center  showed  no  Hf-splitting  suggesting 
a  shift  of  spin  density  to  the  iron.  Possible  interactions 
between  the  ligand  and  the  protein  aoicty  are  discussed. 


090 

The  imoaci  of  hydration  oatterns  observed  in  oligonucleotide 
crystals  on  our  view  of  the  stabilisation  of  different  DNA 
(^informations. 

Olga  Kennard,  Maxine  McCall  and  Joseoh  Nachman,  University 
Chcm.cai  Laboratory,  Cambridge,  U.K.  and  Dov  Rabinovich  and 
ZiDDora  Shakked,  The  M'eizmann  Institute  of  Science,  Rcliovot, 
Isiael. 

Oligonucleotides  generally  crystallise  with  ortly  40-609»  DNA 
oer  cell  volume,  the  remainder  of  the  cell  being  taken  uo  by 
water  and  countcr.ions.  At  a  resolution  of  around  2A  it  is 
possible  to  identify,  with  some  confidence,  a  substantial 
number  of  water  molecules  particularly  m  the  first  hydration 
shelf,  and  thus  study  the  water  structure  around  the  DNA 
double  helix. 

The  hydration  pattern  observed  In  iv.-o  isomorc^ious  A-tyoe 
octarners  with  different  base  sequence  (d(GGTATACC)  and 
d(GGGGCCCC))  will  be  described.  The  results  will  be 
compared  with  the  hydraaon  of  the  B^dodecamer  d(CGCGAA- 
TTGCGC)  (1)  and  used  to  re-examine  our  views  on  the  role  of 
water  in  IS  to  A  transitions  and  conformational  stabilisation. 

{!)  H,  Drew  and  R.C,  Dickerson.  3,  Mol.  Oiol  (I9S1)  I5i, 
5)5-556 
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A  Coi^arlsoD  ot  Iron  and  Hc&e  Pocket  Dynaalca  in  Uxyhcoogloblft, 
Carbonaonoxyhetsoglobin  and  Deoxyhesoglobin.  Abrahaa  Levy  and 
Joseph  M.  Rifkind.  The  Johns  Hopkins  University,  Departsent 
of  Physics.  Balclsore,  21218  and  Laboratory  of  Cellular  & 
Itolecular  Biology,  HIH/HIA,  Baltimore.  KD  21224. 

Kossbaucr  spectroscopy  has  been  applied  to  the  study  of  the 
dynaslcs  of  hece  proteins*'^.  We  report  here  a  coaparacive 
study  of  the  dynaalcs  of  the  iron  sites  of  horse  heaoglobin 
In  the  Oxy,  CarbonRonoxy  and  Ueoxy  forss.  Ihe  scan  square 
dlsplacescnt  ^x^^  as  a  function  of  the  tesperature.  T.  Is 
inferred  through  the  teaperature  dependence  of  the  Laab-Moss- 
bauer  factor  of  the  ccepounds.  The  Hossbauer  spectra  per- 
foixed  on  ^^Fe  enriched  horse  heaoglobln  indicate  a  core 
flexible  structure  at  the  Iron  site  for  carbonoonoxyheaoglo- 
bin  than  oxyheEsoglobln  even  thou^  both  have  the  sase  quar- 
cemary  R  structure.  Surprisingly  the  iron  sites  in  oxyheoo- 
globin  exhibits  a  core  rigid  structure  even  chan  the  deoxy- 
hecoglobln  T  structure.  The  differences  in  these  dynaalcs 
will  be  discussed  in  ceras  of  the  geoaccry  of  ligand  coordi¬ 
nation  and  Che  possible  influence  of  aaino  acid  side-chains 
In  the  distal  heae  pocket.  The  relevance  of  hece  pocket 
dynaalcs  to  the  binding  of  different  ligands  and  the  cooper¬ 
ative  interactions  between  subunits  will  be  considered. 

1.  H.  Keller  i  P.G.  Debrunner  (1980)  Phys.  Rev.  Letters  AS, 
68-71. 

2.  0.  Parak,  E.N.  Frolov,  R.L.  Kossbauer  i  V.I.  Goldanskl 
(1981)  J.  Kol.  Biol.  1«,  825-833. 

3.  A.  Levy,  K.  Alston  &  J.M.  Rifkind  (1984)  J.  Blooolec. 

Struc.  6  Dynao.  jt,  1299-1309. 
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XKPLICATION-S  OF  A  SUCCESSFUL  MODEL  FOR  SICKLE  HEMOGLOBIN 
NTCLEATION  A.N'D  ASSEMBLY  F.  A.  Fcrronc,  Departcent  of  Ph)*slcs 
Drexel  Uhiversity,  Philadelphia,  Pennsylvania,  USA 

Ke  ha%‘c  recently  developed  a  double  nucleation  aodel  to 
provide  a  quantitative  explanation  of  the  significant  aspects 
of  the  sclf-asseably  of  sickle  heaoglobln. ^  In  this  aodel. 
polyaerlzacion  proceeds  via  two  nuclcacion-controlled  paths: 
Hosogeneous  nucleation  of  polyaers,  and  heterogeneous  nuc¬ 
leation  onto  the  surface  of  other  polystcrs.  This  aodel  cor¬ 
rectly  reproduces  the  strong  but  varying  tiec,  teaperature. 
and  concentration  dependence  of  the  reaction.  The  overall 
success  of  the  aodel  now  peroits  the  predict  ion  of  intra¬ 
cellular  delay  tlses  in  the  presence  of  oxygen  so  as  to  de¬ 
vise  strategies  for  dealing  with  this  disease.  The  aodel 
also  succeeds  in  describing  hoaogensous  nucleation  kinetics 
in  sisplo  theraodynaalc  tcr&s.  This  allows  us  to  analyze 
Che  nucleation  of  other  asseably  systess  (act in,  collagen, 
keratin,  tubulin)  in  siallar  ceros. 

1.  F.A.Forrone,  J.  Hofrlchcer.  H.R.  Sunshine  and  W.A.Eaton, 
Blophys.  J.  3^  361  (1980)  and 
F.  A.  Ferronc,  J.  Hofrichtcr  and  W.A.  Erton,  to  be 
published 
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CORRELATlOhS  BETWEEN  SOLVATION  AND  X-RAY  AND  SEDIMENTATION 
DATA  FOR  PROTEINS  IK  SOLUTION 

H,  Pcssen  and  T.F.  Xueosinskl,  Eastern  Regional  Res.  Cntr., 
U.S.D.A.,  600  E.  Mcreaid  Une,  Philadelphia.  Pa.,  U.S.A. 

Molecular  sodellng  froa  X-ray  crystallographic  coordina¬ 
tes  has  shown  that  protein  surfaces  possess  clefts,  grooves, 
channels,  and  protuberances.  Proteins,  however,  function  in 
an  aqueous  cnvlroneent  where,  unlike  in  the  crystal,  they  are 
fully  hydrated,  with  surfaces  consequently  codified.  Hydro- 
dynaale  eethods,  dependent  on  surface  topography,  traditloo- 
ally  have  bceu  eaployed  in  this  context,  but  correlations 
have  been  aarglnal.  A  eethod  is  presented  for  calculation 
of  sedieentation  coefficients  (s^o.v)  solution  saall- 
angle  X-ray  scattering  (SAXS)  daca*(bydrated  voluce,  V. 
radius  of  gyration,  R<];a  and  surface-to-voluee  ratio,  S/V.) 

For  a  data  base  of  20  globular  nacroeoUcules,  s^o  v  could 
be  predicted  with  good  accuracy  when  two  departures  fron  cus- 
toeary  practice  were  followed:  (1)  to  calculate  required 
Stokes  radii,  V  was  used,  not  the  partial  specific  volusc, 
and  (fl)  an  equivalent  axial  ratio  used  in  Perrin's  equation 
to  calculate  frictional  coefficients  was  a  function  of  both 
S/V  and  Rc,  instead  of  R^;  and  V  alone;  this  gives  the  requi¬ 
site  weight  to  the  surface  irregularities.  In  this  way  it 
was  possible  also  to  estlcate  solution-structure  axial  ratios 
and  Ro  with  only  sS^OtV.  eolecular  weight,  and  partial  spe¬ 
cific  voluce  of  the  protein  known.  Cosparison  of  paraeeters 
froe  SAXS  with  those  fros  X-ray  coordinates  clearly  shows 
hydrated  voluees  larger,  and  surface  areas  scalier,  in  solu¬ 
tion  than  in  the  crystal.  These  findings  art  cospatiblc  with 
bound  water  residing  largely  in  crevices  and  groves. 


MOUCULAR  GRAPHICS  AS  M  AID  IN  THE  INTERPRETATION  OF  THE 
FLUORESCENCE  OF  PROTEINS. 

C.  Haydock,  L.  W.  Engel,  C.  0.  Barry*  and  F.  6. 

Prendergast,  F.  6.,  Departrent  of  riiarcjacology,  Mayo 
Foundation.  Rochester,  MN  and  *Coaputer  Systens  Lab, 
Washington  University,  St.  Louis,  H3.  U.S.A.. 

We  have  neasured  fluorescence  spectra,  lifetimes,  and 
anisotropy  in  several  proteins  of  knowi  crystal  structure. 
In  an  effort  to  understand  the  fluorescence  evinced  by 
these  proteins,  we  used  the  "extra-radfus*  rolecular 
graphics  eethod  (Barry,  C.  D.,  J.  Kol.  Graphics,  sti^nitted) 
to  depict  the  environeents  of  the  fluorophores  in  the 
protein  aatrtx.  The  results  show  that  fluorescence  spectra 
and  lifetines  cannot  be  interpreted  simply  in  terms  of 
water  acce'  .ibility  or  location  in  the  protein  matrix. 
Factors  determining  measured  fluorescence  lifetimes  (as 
compared  to  radiative  lifetimes)  are  difficult  to  discern, 
further,  sites  designated  as  hydrophobic  by  virtue  of  their 
effect  on  the  fluorescence  of  adsorbed  fluorophores  are 
often  very  polar  in  nature.  The  "extra-radius"  graphics 
method  allows  an  assessment  to  be  made  of  the  apparent 
volume  available  to  the  fluorophore  to  move.  The  results 
support  inferences  drawn  from  steady-state,  time-resolved 
and  lifetime-resolved  anisotropy  data  regarding  tryptophan 
mobility  and  also  corroborate  inferences  made  frors 
molecular  mechanics  simulations  on  picosecond  motions. 
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DYNAMIC  EFFECTS  IN  ENZYME  CATALYSIS 

M.Cogpiaril.  T. Fonseca,  F.GrlgoUni,  R.Serra.  TZMA  S.p.A., 

Vialc  Aldo  More  38,  Bologna,  Italy. 

Ve  discuss  a  generalization  of  Kraners'  stcchactic 
approach  to  cheolcal  reaction  rates,  for  the  treatoent  of 
macrostolecular  catalytic  effects.  The  generalization  is 
two-fold.  First,  we  consider  the  non-white  noise  case, 
where  the  systea's  behaviour  is  described  by  a  generalized 
Langevtn  equation,  and  we  show  that  reaetjon  rates  can 
actually  increase  in  the  overdanped  regxcc.  The  upper  Unit 
for  the  reaction  rate  is  given  by  transition  state  theory. 

Second,  we  introduce  a  coupling  af»ong  the  reaction  coor¬ 
dinate  and  other  non-reactive  nodes.  Besides  the  well  known 
reduction  of  the  effective  potential  barrier,  such  coupling 
produces  Interesting  dynaaic  phenomena  which  can  be  studied 
by  using  the  Adiabatic  Elimination  Procedure  (AEP),  if  we 
assume  that  the  reaction  coordinate  relaxes  more  slowly 
than  the  non-reactive  degrees  of  Freedom.  Ve  thus  obtain 
an  evolution  equation  for  the  probability  density  of  only 
the  reaction  coordinate.  It  is  shown  that  the  reaction  rate 
can  Increase  by  several  orders  of  oognltude.  Ve  also  show 
that  the  use  of  different  projection  operators  leads  to 
different  dynamic  behaviours,  because  it  physically  corre¬ 
sponds  to  the  choice  of  different  initial  conditions. 

096 

IirDnOHIiOBlC  ANIONS  AND  CONFORMATION  OF  BASIC  POLY- 
«- AMI NOACIDS 

G,  Ebort  And  H.  Lukasch,  FAchbereich  Physikalische 
Chcmio-Polyraero-  Philipps  Unlversltiit,  D-3550 
MArburc(I») 

Vory  recently  It  could  bo  showii  by  Seno  ot  al. 

(l)  that  tho  surfactant  Di8(2-«thyl-hoxyl)-sulfo- 
succlnato  (AOT)  induces  the  formation  of  ordered 
structures  Ilko  cC-holix  and  B-structuro  in  aqueous 
solutions  of  some  basic  poly-amlnoacids.  Bthsne- 
sulfonato  is  not  offootivo  in  this  regsrd  and  ono 
cen  conclude,  that  tho  strong  hydrophobic  interac¬ 
tions  of  the  AOT-octyJLgroups  are  necessary  for  an 
Jnternctlon  with  tho  polycationa  strong  enough  for 
inducing  a  conformatlcn  change. 

Bocauso  porfiuorinated  alkyl  groups  show  an 
enhanced  hydrophobicity  compared  with  tho  nonfluo- 
rinatod  ones  we  studied  the  influence  of  trifluor- 
mothylsulfonato  and  other  porfiuorinated  alkyisul- 
fonates  on  tho  conformation  of  somo^basic  poly-c<-  | 

aminoacids*  It  was  found  that  CF^SOj  induces  the  ^ 

formation  of  ct-hollX  and  B-structuro  whereas  1 

CH^SOj  doos  not.  Therefore  ono  can  assume  that  - 
supported  by  tho  olectrostatlc  interactions  with 
tho  charged  polypeptide  sidogroups  -  a  mlcoll-like 
aggregation  of  tho  strong  hydrophobic  fluorlnated 
anions  along  the  poly-oc-amlnoacld  uoleculos  occur. 

(O  Sono.M.,  Noritomi.H.,  Kuroyanagi .Y. ,  Iwamoto, 

K.,  Ebort, G.,  Colloid  &  Polymer  Sci.,  (in  press)  > 
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CALCULATION  OF  CONFORKATIONAL  CHANGES  FOR  DIRECTED 
KUTAGENESIS  IN  A  GLOBULAR  PROTEIN 
S,  Yoshloki»  Yatsushiro  Wationa)  College  of  Technology, 
-Yatsushiro  866,  and  H.  Katsuyarca  and  H.  Go.  Departinent  of 
Physics,  Faculty  of  Science,  Kyushu  University,  Fukuoka  812, 
Japan 

Recently  a  very -fast  algorithsa  has  been  developed  to 
calculate  the  first  and  second  derivatives  of  the  enpfrical 
conformational  energy  function  of  a  protein  naleculc  in 
which  bond  lengths  and  bond  angles  are  treated  as  fixed  and 
only  dihedral  angles-are  treated  as  independent  variables. 

6y  using  the  first  and  second  derivatives  thus  calculable  we 
can  minimize  the  conformational  energy  function  rapidly  to 
locate  local  minima  corresponding  to  stable  conformations. 
This  method  is  applied  to  calculate  subtle  conformational 
changes  that  occur  in  a  small  globular  protein,  bovine 
pancreatic  trypsin  inhibitor,  when  an  amino  acid  substitu> 
tion  -is  made.  A  niniexcn  enei^y  conformation  of  this  pro- 
tein  molecule  is  first  calculated  by  starting  the  energy 
minimization  from  the  X-ray  structure.  Then  a  directed 
sidechain  is  replaced  by  another  one  in  this  minimum  energy 
conformation  and  the  energy  minimization  is  carried  out 
again  in  this  mutated  molecule.  Such  calculations  have  been 
carried  out  for  fifteen  different  amino  acid  substitutions. 
Analysis  of  the  results  indicates  t'  ''  about  one  half  of  the 
molecule  is  rather  rigid,  I.e.,  does  not  change  local  con> 
formation  appreciable,  for  the  substitutions  but  the  other 
half  which  contains  the  site  to  bind  to  trypsin  is  flexible. 


APPARENT  IRREVERSIBILITY  OF  THE  UNTOLDING-REFOLDIXC  OF  HOPSE 
MUSCLE  PHOSPHOGLYCERATS  KIKASE.  CHARACTERISATION*  OF  TRAPPED 
SPECIES  UNDER  CRITICAL  CONDITION'S. 

A.  Mittaki,  J.M.  Beccon,  M.  Dessadrll  fi  J.M.  Yon,  Laboracdrc 
d'Enzymoiogie  Physicoehxaigue  &  MoUcuUxre,  Bat. 

University  de  Paris-Sud,  Orsay,  France 

The  denaturation-renaturation  of  phosphoglycerate  kinase 
has  been  studied  under  cqultibriua  conditions  and  the  kine¬ 
tics  of  the  process  vere  analysed.  The  results  indicated 
that  interoediates  occur  during  the  unfolding-refolding 
process.  In  the  present  vork,  ve  have  tried  to  characterize 
interecdiaccs  trapped  under  critical  Cdn-HCl  concentrations. 
Indeed,  a  “trough"  was  observed  in  the  recovery  of  enzyae 
activity  and  was  saxiaua  for  a  Gdn-HCl  concentration  of 
0.8M.  Structural  studies  suggest  that  the  trapped  jneetivc 
species  vere  partially  folded  :  I)  C.D.  spectra  indicated 
that  about  25  X  of  helical  structure  was  irreversibly  un¬ 
folded  2}  fluorescence  spectrum  of  the  inactive  species  was 
similar  to  the  spectrum  of  an  intermediate  which  was 
kinetically  characterized  3)  three  core-SH  groups  became 
rapidly  titratable  by  N’bs2.  However,  these  species  were 
able  to  interact  with  substrates  since  3PG  as  well  as 
nucleotides  modified  conditions  of  irreversibility. 
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SOLVENT  ANALTSIS  FOR  THE  PROTEIN  CRAMBIN  FROM  NEUTRON  X-RAY 
DIPfRACTION  STUDIES.  Martha  M.  Teeter  Department  of  Chem. , 
Boston  Universtty,  Boston,  MA  02215  USA, 

The  small,  hydrophobic  plant  protein  craobln  (MW-A700) 
forms  crystals  which  dlffrac^  to  0.88  A.  Models  refined 
against  x-ray  data  at  0.945  A  (Hendrickson  S  Tcctcr,  unpub¬ 
lished  )  and  against  neutron  data  at  1.5  X  for  crystals  in 
D^O  arc  now  available. 

Craebln  crystals  contain  322  solvent.  More  than  802  of 
this  solvent  1$  ordered.  Despite  the  fact  that  crystals  ver- 
grown  from  602  ethanol,  very  little  ethanol  (about  72)  has 
been  located  in  the  crystals.  Most  of  the  water  found  at  tha 
surface  of  craabln  is  bound  to  polar  groups  at  the  surface. 
These  molecules  connect  donar  and  acceptors  on  the  ptoteir 
lines. 

However,  a  cluster  of  waters  at  a  hydrophobic  Inter- 
tsolecular  Interface,  sandwiched  between  charged  oroteln  side 
chains,  forms  a  pentagonal  array  around  a  methyl  group  on 
the  surface.  Analysis  of  the  contacts  between  molecules  in 
the  cluster  and  surrounding  atoms  suggests  the  proximity  to 
the  hydrophobic  surface  leads  the  pentagonal  array  to  form 
more  water-water  associations  than  protein  contacts. 

Solvent  molecules  In  craebin  crystals  fora  about  tvice 
as  many  water  bonds  to  backbonc-C«0  as  to  -N*H,  in  agreement 
with  results  for  other  proteins.  58  primary  waters,  12 
secondary  shell  waters  and  3  tertiary  waters  have  been  lo¬ 
cated  in  the  crystals.  The  detailed  geometry  of  the  solvent, 
I.e.  the  nuabec  and  lengths  of  bonds  foraeo  with  other 
atoms,  will  be  described. 
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SOME  CENTRAL  QUESTIONS  ABOUT  PROTEIN  FOLDING. 

D.  B  k'etlaufor.  Department  of  Chemistry,  University 
of  O-'laware,  Newark,  DE  19716,  USA. 

Is  the  structure  of  a  protein  dependent  on  its  asseablv 
processt— Or  is  it  proccss-ladepcndenc'’ 

Is  folding  Just  unfolding  run  backwards? 

Does  reversibility  of  folding  prove  that  the  process  Is 
thersodynamlcally  controlled? 

What  is  the  connection  between  the  ecuillbrlua  population 
of  intersediates  in  a  foldlng/unfoldlng  reaction,  ind  the 
intermediate  population  ^  flux? 

Alternative  answers  to  these  several  questions  will 
bo  examined,  some  old  and  new  cxpcrleents  discussed, 
and  conclusions  developed. 


RECOGNITION  OF  PROTEIN  SUPER-SECONDARY  STRUCTURE 

Ullliam  R.  Taulor  and  Janet  M.  Thornton 
Laboratory  of  Molecular  Biology 
Department  of  Crystallography 
Birkbeck  Colleger  Condon, *mciC  7HX 

Ulth  the  Increasing  number  of  knovn  protein  struc¬ 
tures,  several  aell-defined  sub-asseablies  of 
local  secondary  structure  have  been  found  to  occur 
very  frequently.  These  recurrent  motifs,  •hich 
have  been  termec.  super-secondary  structure  are 
probably  energetically  favourable,  possibly  pro¬ 
vide  stable  nucleation  centres  and  certainly  domi¬ 
nate  the  tertiary  folds  of  most  Qtobulan  proteins. 
The  super-secondary  structures  identified  so  far 
include  the  right-handed  Do|>  unit  and  the 
0-hatrpin. 

A  procedure  to  recognise  super-secondary 
structure  in  protein  sequences,  is  described  in 
ohich  idealised  tcnplates,  derived  from  knomn 
super-secondary  structures,  are  used  to  locate 

?robable  sites  by  matching  eith  secondary  struc- 
urt  probability  and  hydrophobic  profiles.  Ue  ap¬ 
plied  the  sethOQ  to  The  identification  of  pci,S 
units  (Taylor  &  Thornton  (1984)  jhb  1Z3  487)  and 
^-hairpins.  The  location  of  super-secondary 

structure  Mas  then  used  to  refine  the  original 
(Gamier  et  aU)  secondary  structure  prediction 
resulting  in  alaost  9k  iaproveaeat  in  prediction 
accuracy  for  the  type  proteins  and  Ilk  for  the 
aU-D  proteins.  Most  importantly,  the  overall 
pattern  of  predicted  secondary  structure  agrees 
very  veil  aith  observation  vitn  over  88k  of  struc¬ 
tures  correctly  located. 

A  recent  extension  of  the  method  to  Incorpo¬ 
rate  sequence  specific  templates  of  the  type  des¬ 
cribed  by  Hoi  (Nature,  1983)  is  also  described. 
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A  FOTEWriAL  INCLUDING  POLARISADILITY  FOR  PROTEIN-WArCR 
ENERGY  CAICUUTIONS. 

J.  Paua  and  J.L.  rinney,  Dapartaent  of  Crystallography, 
Dlrkbcck  College,  Malet  Stccot,  London  HClE  7HX,  UK 

Our  understanding  of  bloaolecuUr  interactions  at  the 
molecular  level  can  be  greatly  improved  through  realistic 
accurate  energy  calculations.  Host  empirical  potentials  now 
used  do  not  include  induction  energies  and  so  the  electro¬ 
static  term,  which  is  of  major  ixaportance,  has  serious  in¬ 
accuracies.  Ho  .have  investigated  the  use  of  quantum  chemistry 
programs  in  providing  accurate  data  for  fitting  an  electro¬ 
static  model  of  protein-water  interactions  including  polar- 
IsabiUty  to  handle  environmental  effects. 

Large  basis  set  test  calculatir<ts  ^\ve  been  carried  out 
Initially  for  the  w'ater  dimer  hy'lrogen  bond,  at  coth  SCF  and 
Cl  levels.  The  accuiaw-y  of  energy  data  freta  such  calcul¬ 
ations  is  shown  to  bo  rati'er  'P’jor,  with  errors  greater  than 
\7t  which  is  lot  of  the  total  interaction  energy. 

The  basis  set  dependence  of  the  electrostatic  potential 
was  investigated  for  water,  asaonia  and  formaldehyde  using 
ainimal  to  near  Hartree-Fock  basis  sets.  Convergence  of  the 
Ture  8CF  potentials  is  very  slow.  However,  using  a  point 
Upoie  approximation  to  correct  for  deviation  of  the  mole- 
nilar  dipoles  frcQ  experimental  values,  it  was  found  that 
iszng  a  double-zeta  'or  larger  basis  set  the  major  Oiffer- 
jnees  between  potentlalsi  could  be  explained  by  sUgnt  dtffer- 
mces  in  orientation.  Including  Cl  did  not  significantly 
mprove  results.  Dipole  corrected  potential  data  are  now 
>ein9  used  to  fit  a  charge  and  dipole  model  with  polaris- 
tbiilty  for  a  protein-water  potential. 
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EKERGY  LEVEL  DISTRIBUTIONS  IN  HICH-SPIN  FERRIC  HYOCLOBIN: 
SOLUTION  STATE  COMPARED  WITH  THE  CRYSTALLINE  STATE. 

A. S.  Brill,  F.  C.  Fianingo,  P,  D.  Levin  and  R.  Ihorkildscn, 
Dept,  of  Physics*  Unlv.  of  Virginia*  CharlottcsvlllG.>  VA  USA. 

Several  Independent  EPR  &easure::ents  at  cryogenic  tea* 
peratures  have  been  used  to  ^quantify  the  energies  and  widths 
of  a  four  level  crystal  field  sodel  of  the  ferric  ion  in 
a^uoayoglobin;  1}  absorption  In  the  s*6  region  (in  frozen 
solution)*  2)  variation  in  hyperfine  eosponent  line  width  In 
the  hese  plane  (froa  single  crystal  orientation  study)* 

3)  teeperature  dependence  of  the  spin-lattice  relaxation  rate 
giving  the  best  single  exponential  fit  to  power  saturation 
recovery,  4)  residuals  between  actual  recovery  curves  and 
the  best  single  exponential  fits.  The  nas  width  of 
(energy  of  the  first  excited  electronic  state*  a  spin  quar¬ 
tet)  is  reauirkably  (within  ;tlOZ)  the  sane  in  solution  and 
crystal.  The  next  pair  of  states  (also  quartet,  orbitally 
degenerate  in  the  axial  approxination)-has  an  average  energy 
A2  which  is  about  3  tines  greater  chan  A^a  Because  the 
effect  upon  zero-field  splitting  of  a  change  in  one  of  these 
energies  is  Inversely  proportional  to  the  square  of  the 
“energy*  the  ms  width  of  the  average  A2  is  relatively  poorly 
constrained.  The  site  is  rhoabic;  the  rms  width  of  the 
separation  in  energy  of  the  two  A2  levels  is  wcll-detcrained 
and  is  five  to  seven  tlacs  greater  in  solution  then  in  the 
crystal.  The  difference*  between  solution  and  crystal*  in 
the  distribution  of  the  orientation  of  the  proxlcal  ialdozolc 
relative  to  the  heae  plane  is  likely  to  be  an  ieportanc 
factor  in  this  effect. 
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PROTEIN  FOILING  AND  PROTEIN  DYNAMICS  BY  HYDROGEN  EXCtlANGE 
STUDIES  OP  INDIVIDUAL  AMIDES  IN  HEN  LYSOZYME  . 

B. W.  Siqurskjold*,  M.  Delepicrre^,  3.  Stockwoll^*  C.M. 

^bson^  and  F.M.  Poulscn* . 

^Carlsbcrg  Laboratory,  Departaent  of  Chesiscry,  Valby, 
Denaark.  ^Inorganic  Chemistry  Laboratory,  Oxford,  England. 

The  dynamic  properties  of  a  protein  structure  can  be 
monitored  by  the  kinetics  of  the  hydrogen  exchange  reaction 
of  individual  amides  in  the  peptide  back-bone*.  In  hen 
lysozyme  tho  solvent  exchange  reaction  at  the  amides  in  the 
o-holix  A  and  the  amides  of  the  larger  B-pUated  sheet 
region  has  been  studied  using  ‘H-KMR-spectroseopy.  The 
dynamics  of  the  reversible  folding/unfolding  processes  of 
hen  lysozyme  has  been  analyzed  at  these  specific  sites,  and 
the  results  suggest  that  there  are  at  least  one  intermediary 
state  in  tho  folding  pathway. 

The  hydrogen  .exchange  reaction  has  also  been  employed  in 
studies  comparing  the  dynamic  properties  in  the  crystal  and 
the  solution  form  of  the  protein.  This  comparison  reveals 
significant  differences  between  crystal  and  solution  in 
certain  sites  and  close  similarity  in  others.  These  results 
will  be  discussed  in  terms  of  protein  dynamics  and  solvent 
accessibility  in  tho  two  states. 
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DOES  A  LYOPHILIZED  PROTEIN  UNDERGO  PERIODIC  CONFOntATIONAL 
TRANSITIONS  AFTER  BEING  DISSOLVED? 

E.L.Coct  C.B.Kherlakian,  and  Gh.Daouk,  Dept,  ot 
Btochemistry*  American  Univ.  of  Beirut*  Lebanon. 

During  the  first  hour  after  solution  of  Igophilized 
glucose-A-phosphate  oehydrogonase  IL.sesenteroides)  to  a 
final  concentration  of  2  9%  protein  In  40  Trls-Cl*  pH 
7.0*  at  2S^(  there  are  periods  of  change  in  the  rate  of  H-D 
exchange*  specific  rotation  at  436na*  and  the  relative 
velocities  of  the  enzmatic  reaction  with  NAD  and  KADP.  The 
H-D  exchange*  estisated  from  tho  Aaide  11  IR  absorption 
band*  accelerates  between  20  and  30  min*  suggesting  a 
period  of  unfolding  protein  structure.  Specific  rotation 
decreases  from  -62^  at  S  min  to  -63.5'’  at  23  ein*  and  then 
increases  again.  The  ratio  of  velocities  (NADiNADP)  appears 
to  oscilUtoi  exhibiting  a  maxiMUi  of  1.8  at  10  min*  a 
einieum  of  l.A  at  20  mini  and  a  subsequent  maximum  and 
minisum  at  37  and  8S  min*  resp.  The  presence  of  saturating 
levels  of  NAD  <40  mH)  or  NADP  (0.3  mN)  In  the  solution 
shifts  the  timing  of  these  phenemona.  The  duration  of  a 
wave  is  directly  profxirtional  to  the  time  at  the  midpoint 
of  tf»e  wave  for  all  three  parameters  and  for  enzyme  with  or 
without  the  presence  of  coenzyme*  an  observation  which 
supports  the  validity  of  the  data*  even  though  Individual 
variations  are  near  the  limits  of  error.  Such  a 
proportionality  would  imply  a  system  relaxing  in  a 
hyperbolic  rather  than  an  exponential  fashion.  (Highly 
purified  enzyme  donated  by  Dr.  L.H.Hsu  of  Worthington 
Biochemical  Corp. {  supported  by  grants  from  A.U.B.  Med  Echl 
and  the  Diana  Tamari  Sabbagh  Fund.) 


104 

MOLECULAR  DYNAMICS  OF  THE  AVIAN  PANCREATIC  POLY¬ 
PEPTIDE  MONOMER 

P.  KrUgor,  W,  StraBburger,  A.  Wollner,  RWTH  Aachen, 
Gomany,  w.f.  van  Gunsteren,  University  of  Gronin¬ 
gen,  The  Netherlands.  ^ 

Molecular  dynamics  sinulation  technigues  were 
used  to  conpare  avian  pancreatic  polypeptide  (aPP) 
homone  both  in  the  environnents  existing  in  the 
crystal  (van  Gunsteren,  unpublished)  and  in  solu¬ 
tion.  Motivation  was  twofold:  1)  It  is  of  obvious 
interest  whether  aPP,  as  suggested  by  CD  spectro¬ 
scopy,  is  stable  as  an  independent  nononer  in  solu¬ 
tion  -  since  in  the  crystal  it  exists  as  a  diner 
(coordinates  from  Birkbcck  College,  London)  and 
2)  never  before  have  these  techniques  been  applied 
to  a  solvated  polypeptide  with  highly  ordered  main 
chain  confomatlon.  The  rms  fluctuations  for  all 
atoms  of  the  solvated  monomer  turned  out  to  be  of 
the  same  order  of  magnitude  as  calculated  for  a 
single  monomer  in  the  crystal  ($0.8A).  In  the  sol¬ 
vent  run  all  H  bonds  of  the  a-hclix  backbone  were 
reproduced  and  maintained  over  the  full  tame  span. 
The  main  chain  dihedral  angles  more  or  less  ex¬ 
hibit  3  different  patterns  of  fluctuation  corre¬ 
sponding  to  the  3  types  of  secondary  structure 
present,  (poly-proline  helix:  short  relaxation  and 
non-corrclatcd  fluctuations;  S-bend:  possible  fluc¬ 
tuation,  but  with  period  exceeding  the  time  span; 
a-helix:  fluctuations  with  a  period  of  &0.1ps). 
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PIffiOXCTION  OP  THE  THREE-DIMENSIONAL  STRUCTURE  OF  THE  SIS 
VIRAL  ONCOGENE  COM.MON  SEQUENCE  WITH  HUMAN  PLATELET-DERIVED 
GROWTH  FACTOR. 

B.  Robson^,  E.  Platt*,  P.  Finn*,  J.F.  Glbrat^  and 
J.  Gamier^-. 

xTh^rmtical  Biocheaistry,  School  o£  Medicine,  University 
o£  Manchester-Manchester,  England. 

-fLaboratolre  de  BlochlDle  Physique,  ZNRA,  BAT.  433  - 
UniverslU  do  Paris  Sud  -  ORSAY  •  FRANCE. 

It  has  recently  been  reported  that  the  sequence  of  the 
SIS  oncogene  of  Slnlan  Sarcoaa  virus  (VSXS)  and  of  husan 
platolot-dcrlved  growth  factor  (PDGF)  are  very  sioilar, 
establishing  the  most  solid  link  yet  between  the  mitogenic 
actions  of  growth  factors  and  the  transforming  proteins  of 
retroviruses.  To  Invorstigate  molecular  mechanisas  of  trans¬ 
formation  we  have  undertaken  the  prediction  of  the  three- 
dleensional  structure  of  the  cocson  sequence  between  the 
two  proteins  (160  Aaioo  Acid  residues)  through  energy  ainl- 
alsatlon(by  a  Siaplex  aethodlof  a  starting  conforaation  of 
phi  anl  psi  angles  predicted  by  a  new  version  of  the  aethod 
of  Gamier,  Osguthorpe  and  Robson.  To  reduce  coaputing  tlac, 
various  procedures  have  been  applied  including  cooputcr 
graphic  systea. 

The  predicted  structure  is  in  agreeaent  with  the  known  anti¬ 
genic  sites  obtained  froo  synthetic  peptide  laaunlzatlon 
reported  by  other  authors. 
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XKTERACTION  OF  AFOCYTOCHROHE  C  WITH  LIPID  VESICLES: 
CONFORMATIONAL  CHANCES  AND  BIUYER  FUSION  ARE  CHARGE 
DEPEKDEKT  Ram  Mohan* .  Anne  Valter*  and  Robert 
Bluaenthal*  ^University  of  Strasbourg,  France;  *LKEM* 
KHLBl,  NIH;  *LTB.  NCI*  MH*  Bethesda,  MD  20203,  USA 

Apocytochroae  c,  an  extremely  basic  protein 
(pl*10.3)  is  the  non-hcae  precursor  to  the  mitochondrial 
protein*  cytochroae  c.  Its  conforaation  In  solution  and 
In  the  presence  of  lipid  vesicles  was  assessed  froa 
circular  dichrolsn  (CD)  spectra  in  the  far  UV. 
Measureoents  were  done  at  23^C  of  apocytochroae  c  (3.7 
itM)  in  10  mM  phosphate  buffer  in  the  absence  and 
presence  of  saall  unilaaellar  vesicles  (0  -  0.13  oM 
total  lipid).  Apocytochroae  c  was  found  in  an 
essentially  random  coll  in  aqueous  solution  over  the  pH 
range  5  -  11.3.  Thl..  spectnm  was  unchanged  when 
vesicles  coaposed  of  the  zvltterlonlc  lipid 
phosphatidylcholine  (PC)  were  added  but  converted 
imaedlately  to  a  typical  a-helix  spectrua  in  the 
presence  of  vesicles  containing  the  acidic  lipid 
phosphatldylserlne  (PS)  (lOOZ  PS  or  P$:PC*  1:1)  lipid. 
Tho  conditions  associated  with  apocytochroae  c 
conforaatlonal  changes  froa  randmi  coll  to  crhelix 
correlated  with  optimal  conditions  for  protein-induced 
veslcle-vcsIcle  fusion. 
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IWR  STUDIES  OF  OO-'UIN'  STTiUCTURC  A.\D  JWBILIlY  I.V  THE 
PT'Rin’ATE  DanDftOCE.NASE  >aiLTIEX;TM£  C0'lPLE\. 

C>C.K.  R<rf?crts,  R.N.  Perhas  and  L.C.  PacLnan,  Xational 
Institute  for  Medical  Research,  Mill  Hill,  London,  U.k., 
and  Dept.  o£  Biochesistry,  Uniiersity  of  CaEbridge.  U.K. 

The  pyruvate  dehydrogenase  coi^lcxes  (Mj.  6  3l  10^-  10  x 
10^)  consist  of  Bultiple  copies  of  three  ensyses.  The  E2 
(lipoate  acetyltransfcrase)  eopponent  fonas  a  structural 
core  to  fchich  the  El  and  ES  coeponents  are  bound,  it  also 
carries  the  lipoic  acid  residue(s)'tkhich  serxc  to  transfer 
the  substrate  between  the  separate  active  sites. 
iH  nar  spectra  of  the  coaplexes  froa  E.  coli  and  B.  stcaro« 
theraophilus  show  nuabers  of  relatively  sharp  resonances, 
indicating  the  existence  of  a  region  of  substantial  poly« 
peptide  chain  aobility.  Selective  proteol)Sis  expericents 
allow  us  to  localise  this  aobility,  which  involves  ca*  100 
and  ca.  50  residues/protqoer  in  the  two  coeplexes,  to  the 
region  of  the  E2  subunit  containing  the  lipovl  groups. 

Ve  have  shown  that  in  the  Bacillus  coaplex,  the  lipoyi 
groins  are  attached  to  a  saall  (‘vOS  residue)  folded  dosain 
which  is  linlccd  to  the  aajor  part  of  the  E2  co^nent  by  a 
long  flexible  *arB' .  Analysis  of  the  nucleotide  sequence 
of  the  E.  coli  E2  gene  (J.  Guest)  confiros  and  extends  the 
conclusions  drawn  froa  the  selective  protcolysis/nar 
experiaents. 

The  unusual  structure  of  the  E2  protein  peraits  a  stril^ing 
coupling  of  the  active  sites  in  the  eultientyxsc  coaplex. 


Ill 

EXPOKE.SIIAL  PROGRESS  CURVES  IN  HEMOGLOBIN  S.  G.W.  Christoph 
and  R.V.  Brlehl,  A.  Einstein  College  of  Hed..  Bronx.  N.Y. 

The  reversible  polyoerlzacion  of  deoxyheaoglobin  S  into 
long  rods  and  the  resultant  gelation  has  nany  slallaritles  to 
other  aacrosolecular  pol>'acrlzations.  The  original  three 
stage  eodel  for  gelation  (hoaogeneous  nucleation.  rod  growth, 
and  allgnaervC)  explains  the  delay  tiac  and  its  concentration 
and  tc2:perature  dependence,  but  predicts  that  reaction  frac* 
tlon,  £•  develops  as  a  power  law  in  clae.  Reaction  progress, 
beginning  at  about  £*10*^«  was  aeasured  by  light  scattering 
In  which  the  effects  of  high  optical  density,  long  rod  non* 
Ideality.  auUiple  scattering,  eonoaer  depletion,  and  bach 
reaction  were  alnlaized  or  corrected  for.  Long  rod  fora  fac* 
tort  in  the  scattering  equation  perait  f  to  be  directly  fol¬ 
lowed,  because  scattering  is  Independent  of  rod  length. 

Progress  curves  were  exponential  up  to  f«0.4«  Therefore 
growth  rates  were  proportional  to  the  aass  of  polyt&«r.  This 
suggests  surface  dependent  heterogeneous  nucleation  and 
hence  a  double  nucleation  eodel,  as  proposed  previously  for 
other  reasons  by  Ferrone  et  al.  (Blophys.  J.  32:361  (1980)). 
Growth  rates  and  delay  tlae  have  slailar  theraodynaaic 
activation  paraactets  and  concentration  dependence.  This 
evidence  supports  the  view,  laplied  in  the  double  nucleation 
aodel,  that  delay  and  growth  stages  are  cechanlstlcally 
identical,  differing  only  in  aaount  of  polyeer  present.  Very 
early  in  the  reaction,  progress  curves  of  the  fora  coshfkt)*! 
were  observed,  also  as  predicted  by  the  double  nucleation 
aechanisa.  Supported  by  grants  HL  28303  and  07&51  free  the 
KIH  and  a  gsant  froa  the  N.Y.  Heart  A)sociation. 
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EXPERIMENTAL  EVIDENCE  OF  THE  HIERARCHIC  ORGANIZATION  Of  GLO¬ 
BULAR  PROTEINS:  INDEPENDENT  FOLDING  OF  COOH-TERMINAI  FRAG¬ 
MENTS  OF  THERHOLVSIN,  0,  Dalzoppo,  C.  Vita  and  A.  Fontana, 
Inst,  of  Organic  Cheoistry,  Biopolyaer  Res.  Centre  of  CNR, 
Univ.  of  Padua,  Padua,  Italy. 

We  have  previously  shown  that  the  COOK-tenainal  BrCK 
fragments  121-316  and  206-316  of  theroolysln  are  able  to 
refold  into  a  stable  native-like  structure.  We  now  report 
the  results  of  liaited  proteolysis  of  these  fragments,  with 
the  aiu  to  identify  the  ainiaua  size  of  a  fragoent  able  to 
fold  by  Itself. Proteolysis  with  subtilisin,  chyootrypsln, 
themolysin  and  trypsin  allowed  to  isolate  to  homogeneity 
eight  different  subfragoents  which  can  be  grouped  in  two 
sets  of  peptides,  i.e,  (218-2221-316  and  i252-255)-3i6.  the¬ 
se  subfragaents  are  able  to  acquire  a  stable  conforvation  of 
native-like  characteristics,  as  Judged  by  quantitative 
analysis  of  secondary  structure  froa  far-ultraviolet  circu¬ 
lar  dichrolsa  spectra  and  lenunocheaical  properties  using 
rabbit  anti-themolysin  antibodies.  Fr(»i  the  kinetics  of  the 
proteolytic  digestion  it  is  concluded  that  proteases  lead  to 
a  stepwise  degradation  of  the  fragments  froa  their  NH*- 
terainal  region.  These,  results  provide  evidence  that  it  fs 
possible  to  isolate  stable  subdosain  structures  and 
correlate  well  with  predictions  of  stable  subfragoents  of 
the  COOH-terainal  structural  dosain  158*316  of  thersolysin 
(A.A.  Rashin.  private  coonimication). 
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INTERMEDIATES  IN  THE  FaOING  OF  RIBONUCLEASE  A 

R.  G.  Biringer  and  A.  1.  Fink.  Division  of  Natural  Sciences. 

University  of  CaUForniaT^nta  Cruz,  California,  USA. 

The  folding  of  ribonuclease  A  has  been  investigated 
using  aqueous  methanol  cryosolvents  and  subzero 
teaperatures.  The  presence  of  the  relatively  sore 
hydrophobic  cosolvent  results  in  the  stabilization  of 
partially-folded  intersediate  states.  These  can  be  observed 
under  equilibriuQ  thermal  unfolding  conditions  by  a  variety 
of  techniques,  including  NHR  and  circular  dichroiss,  and  are 
consistent  with  the  loss  of  tertiary  structure  before  (i.e. 
at  a  lower  temperature  than)  secondary  structure.  The 
kinetics  of  refolding  at  -15®C  of  sone  nitro-tyrosine 
derivatives  of  RNAse  A  were  compared  to  those  for  unmodified 
protein.  Inhibitor  binding  and  catalytic  activity  were  also 
studied  as  a  function  of  refolding  kinetics.  In  each  case 
the  process  was  nultiphasic,  and  revealed  that  different 
regions  of  the  protein  folded  at  different  rates.  A  model 
for  refolding,  taking  proline  isomerization  into  consider¬ 
ation,  has  been  developed.  The  experimental  observations  are 
interpreted  in  terms  of  two  partially-folded  intermediate 
states  which  have  properties  rather  similar  to  the  native 
state. 
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CRYSTALLOCRAPHIC  STRl’CIDRE  OF  PIC  PANCREAS  oc-AXYLASE  (2.9  X 
RESOLUTION).  By  C.  Buisson,  E.  Puce,  D.R.F.,  CEN-C,  C.E.A. , 

85  X,  38041  Ctenobla  Cedex,  France.  R.  Haser,  F.  Payan. 
C.R.M.C.2,  Caapus  dc  Luainy  Case  913,  13288  Karseiile  Cedex  9 
France. 

The  structure  of  Pig  Pancreas  a-Anylasc  (PPA>  (MW»53,000)  was 
solved  at  2.9  A  resolution.  The  electron-density  map  obtained 
froa  multiple  isoaorphous  replaceaent  was  improved  by  a  den¬ 
sity-modification  rroccdure.  The  resulting  map  was  interpre- 
tablc  in  terms  of  the  aaino  acid  sequence  P.P.A.  contains 
two  domains  :  a  larger  N-terainal  domain  (residues  1-410) 
with  a  8-$tranded  singly  wound  parallel  B-barrel  and  a  smal¬ 
ler  C-tcminal  domain  (residues  411-496)  with  essentially  B- 
sheets.  The  main  chain  arrangement  in  P.P.A.  is  roughly  si¬ 
milar  to  that  in  Taka-aayUse  A. 

The  activator  Cl“  ion  is  located  at  the  center  of  the  Br 
barrel  (as  shown  by  Br“  substitution).  The  essential  Ca^ 
ion  maintains  one  stretch  of  the  polypeptide  chain  in  the 
vicinity  of  the  B-barrel,  which  would  explain  why  it  is 
’’essential*'  for  the  integrity  of  the  3D  structure  of  P.P.A. 
The  te-intcrpretation  of  previous  substrate  analogues  binding 
expericents  (Acta  Cryst.  (1980)  836,416-421)  indicates  which 
aaino  acids  are  involved  in  substrate  binding.  The  active 
site  cleft  is  located  at  the  carboxyl  end  of  the  B-batrel 
and  is  delineated  by  residues  constant  in  all  a-aaylases 
sequenced  so  far.  The  secondary  binding  site  is  formed  by 
residues  belonging  to  the  two  domains. 
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PROTON  NMR  STUDIES  OF  THE  FOLDING  AND  UNFOLDING  OF  PROTEINS 
C.H.  Dobson,  P.A.  Evans  and  R.O.  Fox,  Inorganic  CheaUtry 
Laboratory,  South  Parks  Road.  Oxford  0X1  3QR,  UK* 

Many  resonances  In  the  ^  NMR  spectrua  of  the  native 
state  of  hen  lysozyme  are  now  assigned.  Changes  in  the 
spectrua  of  lysozyme  as  the  teaperaiure  Is  varied  through 
the  denaturatlon  transition  are  readily  observed.  The 
enthalpy  of  denaturatlon  measured  by  monitoring  the  in¬ 
tensities  of  resonances  In  the  native  and  denatured  states 
agree  veil  with  values  from  calorimetric  methods.  Magneti¬ 
zation  transfer  techniques  have  enabled  assignments  in  the 
spectrum  of  the  denatured  protein  to  be  made  by  correlating 
resonances  with  those  in  the  spectrum  of  the  native  protein 
using  one-  and  two-dimensional  methods.  These  techniques 
have  also  enabled  the  kinetics  of  tne  folding  and  unfolding 
reactions  to  be  B./asured,  and  the  apparent  activation  ener¬ 
gies  of  the  two  processes  to  be  determined.  In  conjunction 
with  hydrogen  exchange  measurements  this  has  enabled  the 
conformation  state  of  the  denatured  as  well  as  the  native 
protein  to  be  explored,  the  approach  has  been  extended  to 
examine  ataphylcccoeal  nucleate  where  it  has  been  possible 
to  measure  ths  kinetics  of  interconversion  between  the 
de-nstured  state  and  different  states  of  the  native 
protein.  Nuclease  mutants  produced  by  primer  directed 
mutagenesis  are  under  study  to  elucidate  the  role  of  proltne 
isomerism  in  nuclease  stability  and  folding  k^oetlcs.  The 
significance  of  these  results  for  protein  folding  Is 
discussed. 
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REPEATING  MOTIFS  IN  THE  TAIL  FIERES  OF  T4  AND  T7  PHAGES  CAN 
BE  INTO  CROSS-0  AND  a-HELlCAL  STRUCTURES 

N.M.  Green,  N^itionn!  Institute  for  Medical  Research,  Mill 
HLU,  London  NH7  lAA,  UK. 

Segoents  of  sequences  of  phage  tail  fibre  proteins  have 
repeating  ootifs  analyssblc  in  structural  tertas  (cf.  the 
cros$-0  structure  of  the  adenovirus  fibre,  Green  ct  al., 

EMBO  J.  2.  1357  (1983)).  The  distal  portion  of  t4  gene  37 
also  ha$*a  cross-0  structure  broadly  consistent  with  its 
sequence  (Oliver  4  Crovthcr,  J.  Hql.  Biol.  153,  545  (]98t)). 
Closer  exaiaination  of  its  C-tcrainal  fine  tip  (ISO  x  18  A) 
shoved  a  9'residue  (x  ]4)  repeating  ootif,  analysablc  in 
tecQS  of  a  4-residuc  polar  sequence  (c.g.  CHSH)  alternating 
with  a  5*residuc  sequence  (c.g.  TVAlG)  with  hydrophobic 
residues  ac  2  and  4  and  glycine  at  S.  Models  were  construc¬ 
ted  with  alternating  4-rc8idue  0-curns,  the  extra  residue 
fqrning  a  5-bulgc  opposite  the  glycine.  Most  of  the  hydro¬ 
phobic  residues  could  be  aligned  on  one  surface  of  this 
structure  and  were  burled  when  a  diocric  fibre  was  fortacd, 
the  fibre  axis  being  the  dyad.  Although  each  repeat  has 
only  two  residues  in  extended  E-configuration,  the  resulting 
structure  has  the  required  4«7a  repeat.  The  sequence  of 
the  distal  segaent  of  the  T7  fibre  is  also  consistent  with  a 
cross-C  structure.  However,  the  proxiaal  arc  of  the  fibre 
(175X)  has  a  7-residuc  repeat  (X  17)  with  hydrophobic 
residues  at  4  and  7.  This  ieplics  a  coiled  coil  a-helical 
dxoer  of  the  tropoayosin  type. 


AN  X-RAY  DIPFRACPION  STUDY  OF  A  PEPTIDE  HORMONE  DEAMINO- 
OXYTOCIN.  By  T.L.  Blundell,  S.  Cooper,  J-L.  W,  J.E,  Pitts, 
I.J.  Tickle,  A.C.  Treharnc  and  S.P.  wood,  Laboratory  of 
Molecular  Biolo^,  Depactxaent  of  Crystallo9raphy,  Birkbcck 
Colleqe,  University  of  London^  London  WCIE  7HX,  U.K.; 

V.J.  Kroby,  Department  of  Chosistry,  University  of  Arizona, 
Tuscon,  Arizona  85721,  U.S.A.  and  M.R.  Wyssbrod,  Departaent 
of  Physiology  and  Biophysics,  Mount  Sinai  Medical  Centro, 

New  York  10029,  U.S.A. 

Oxytocin  is  a  nona-peptldc  honsonc  cceaposed  of  a  twenty  sca- 
bered  ring  and  acyclic  tail.  Zt  acts  horioonally  on  the  utcr:^ 
and  BTomry  glands  by  eliciting  ss&ooth  duscIc  contraction. 
Deaaino-oxytocin,  which  ie  aore  potent  in  most  tests  than 
the  natural  horttonc,  was  crystallised  froo  20%  ethanol.  TliO 
data  was  collected  to  I.2X  resolution  (after  Low;  Science 
ISl,  1552  (1986)).  6-scleno  deaaino-oxytocin  was  crystall¬ 
ised  isooorphously  from  water  and  data  was  collected  to 
I.92X  resolution.  The  phases  were  calculated  using  anoaal- 
ous  and  Isooorphous  differences.  The  oodels  were  refined 
using  SHELX  and  RESTRAIN  (Moss,  Morffew,  Banccf,  Stanford 
and  Borkakoti).  The  structure  centains  two  6-turns,  a  type 
IX  turn  involving  residues  2  to  5  and  a  type  1  6-turn  invol¬ 
ving  residues  6  to  9.  There  is  scoe  conformational  disorder 
in  the  disulphide  bridge.  The  crystal  structure  is  coepared 
to  conformations  from  and  other  spectroscopic  st'xlies 
in  water  and  DHSO  in  terns  of  binding  to  ncurophysin  and 
receptors. 
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KEVTRW  DIFFRACTION  STUDIES  OF  TORTOISE  EGG-WHITE  LYSOZYME 
C.C.F.  Blake,  S.T.  Evans,  and  s.a.  Mason,  Laboratory  of 
Molecular  Biophysics,  Department  of  Zoology,  oxford  and 
Institute  Laue-Langevin,  Grenoble,  France. 

Large  (2.S-3.0sa*)  crystals  of  Tortoise  Egg  White 
Lysozyme  <T£WL)  haw  been  grown  and  investigated  using  the 
techalquo  of  neutron  diffraction  with  a  view  to  cosparing  the 
solvent  structure  and  exchange  properties  with  that  of 
Tricllnic  Lysozyse  (Bentley,  O.A.,  Deleplerre,  M.,  Dobson, 
C.M.,  Mason,  S.A.,  Foulscn,  F.M.,  and  Wedln,  R.E.,  J.  Mol. 
Biol.  (1983)  17q,  243-247).  Data  were  collected  at  Che 
Institute  Laue-Langevin,  Grenoble,  France,  using  a  single 
counter  4-circle  diffractometer  to  a  resolution  cf  2.8a  on  a 
crystal  that  had  been  soaked  in  dcuterated  mother  liquor  for 
five  weeks  prior  to  data  collection,  and  to  3, sS  on  a 
crystal  grown  directly  from  O2O. 

Using  the  Hendrickscn-Ncnnort  restrained  least  squares 
refinement  program,  the  X-ray  structure  of  tewl  (Pulford. 
W.C.A.,  (1981)  in  Refinement  of  Protein  Structures  (Machin, 
P.A.,  Casbell,  d.W.  and  Elder,  H.  eds.)  pp.  69-71  SERC, 
Daresbury  Laboratory,  Warrington)  is  being  refined  against 
the  neutron  data,  and  preliminary  results  show  that  the 
pattern  of  amide  proton  exchange  is  very  similar  to  that 
found  for  Triclinic  Lysozyme,  Further  analysis  is  in 
progress. 
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*'c  .Maws  MACSIIIC  RESOMKE  SrJDIES  OF  Ml  3  COAt  fMTEIM. 
Gillian  D.  Hynrv.  Joel  M.  %>»ner  and  Brian  D,  Sykes,  Depart- 
i?ent  of'  BiWhWCstry,  University  of  Albtrta,  Edmonton,  Canada 

The  major  coat  protein  of  the  filamentous  coliphage  Mt3 
is  a  50  residue  polypeptide  chain  which  spans  the  inner  uRea- 
brane  of  during  infection.  It  thus  represents  a  good 

ftodel  system  for  the  study  of  the  structure  and  dynamics  of 
an  integral  membrane  protein,  ?WR,  w+iich  offers  many 
advantages  to  such  an  investigation.  Is  limited  by  the  low 
natural  abundance  of  the  13C  nucleus  (1.1%).  Inclusion  of  a 
specifically  enriched  amino  acid  in  the  culture  medium,  how¬ 
ever,  yields  phage  with  a  coat  protein  selectively  labeled  at 
predetermined  sites. 

natural  abundance  spectra  of  coat  protein  in  deoxy- 
cholatc  micelles  have  shown  clearly  that  regions  of  differen¬ 
tial  flexibility  occur,  A  broad  overview  of  the  csolecule  has 
been  obtained  by  incorporation  of  3-i*’c)alanine,  which  con¬ 
tributes  10  of  the  50  residues  in  a  fairly  even  distribution 
along  the  polypeptide  chain.  The  conformation  appears 
largely  independent  of  the  nature  of  the  solubilising  deter¬ 
ment  (deox^cholace  or  SD5>.  the  .V-terainal  and  penultimate 
residues  (aia«l  and  ala-49)  have  been  identified,  and  can  be 
used  as  envirorrscntal  probes  in  eodot  isembranes.  Tl,  T2  and 
NOE  data  have  been  analysed  using  the  model  free  approach  of 
tipari  and  Szabo  (JACS  104  4546-4559). 

Protein  backbone  aoItTons  have  also  been  studied  by  in¬ 
corporation  of  lysine,  phenylalanine,  proline  and  tyrosine 
labeled  at  the  carbonyl  carbon.  Ihese  residues  occur  singly 
(proline)  or  in  localised  groups  (e.g.  lysine),  and  have 
allowed  investigation  of  precise  regions  of  the  zoplecule. 
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(X)MPUTER  SIHUUTION  OF  PROTEIN  FOLDING  PATHWAYS 
R.L.  Soaorjal.  Division  of  Chealatry,  KRC,  Ottawa,  Ontario, 
Canada,  M.K.  All  and  L.  Solhcla,  Department  of  Physics,  Unlv* 
of  Lethbridge,  Lethbridge^  Alta.,  Canada 

A  conceptually  novel  simulation  strategy  of  protein 
folding  is  presented.  As  in  actual  experiments,  folding- 
unfolding  U  induced  by  systeaatlcally  changing  the  protein *a 
envlronacnt  (e.g.  temperature,  pU,  solvent,  etc.).  This  Is 
lapleoentcd  coaputatlonally  by  an  effective  potential  forau- 
Ution:  the  Influence  of  the  environment  is  represented  only 
through  the  explicit  paraaetrlzatlon  of  the  protein's 
Interaction  potentials',  FoidlnV  pathways  are  traceable  by 
ehanglng  the  parameters  between  their  extremes  (l.e.  from 
random  roil  values  to  native  ones).  Each  new  set  of  param¬ 
eters  represents  a  new  protein-environment  system,  and  each 
system  Is  to  be  reequilibrated,  using  a  constant  temperature 
(canonical  ensemble)  molecular  dynamics  (MD)  method.  In 
preliminary  tests  vc  used  simple  pseudo-atom  residue-residue 
potentials,  parametrized  by  a  single  ‘’folding”  parameter  r. 
Temperature  is  the  other  folding  parameter.  Both  were 
varied.  In  particular,  the  relevance  of  various  folding 
concepts  was  tested  by  ehanglng  T  nonunlformly,  the  rate 
depending  on  the  range  of  residue-residue  separation  along 
the  backbone.  Such  simplifications  are  appropriate  for 
discovering  relevant  qualitative  features  of  the  folding 
process.  BpTl  was  the  test  protein.  A  Urge  number  of  long 
(500-1000  psec)  equilibrated  MD  runs  were  created  and  the 
trajectories  subjev  d  to  both  local  and  global  analysis. 
Denatured  BPTl  was  successfully  folded  Into  a  globular  shape 
and  a  movie  of  the  folding  pathway  was  produced. 
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ISTERNAL  DINAHICS  op  hen  ECO-VHITE  LTSOZYKE.  C.B.  ££4t.  P. 
Artyaluk.  C,K.  Dobson,  D.C.  Phllllpa,  and  M.  Xarplus, 
Cheialetry  Dept,  Harvard  University,  Maas,  USA;  Molecular 
Biophysics  and  Inorganic  Chemistry  Laboratory,  Oxford,  UK, 

The  Internal  motions  of  hen  egg-vhlte  lysozyme  (HEWL) 
have  teen  studied  by  mleoular  dynamics  (HD)  simulation  and 
coepared  with  the  results  from  proton  NHR  and  X-ray  orys- 
trsllography.  Three  HD  trajectories  of  HrWL  were  computed 
with  the  Harvard  University  program  CHARHH  on  a  CRAT-lS  coe- 
puter  at  Dareswbry  Laboratory*  Two  trajectories  were  of  na¬ 
tive  HEVL  and  53  water  molecules,  while  the  third  was  of 
HEUL  and  35  waters  plus  the  substrate  hexa-N- 
acetylglucossaine.  (NAG)..  The  variation  in  the  positional 
fluotuations  freo  the  aimulatlons  have  been  related  to  the 
structural  features  of  HEVL.  In  the  HD  results,  there  is  a 
correspondence  between  mobility  and  secondary  structure; 
residues  freo  the  ct-helical  and  ^-sheet  regions  have,  in 
general,  smaller  fluotuations  than  those  in  the  Intervening 
rsodoiz-coil  regions.  This  is  in  accord  with  the  X-ray  tem¬ 
perature  factors.  The  mobilities  of  some  residues  differ 
substantially  between  the  unbound  and  bound  lysozyme  trajeo- 
torles.  KHR  relaxation  rates  (cross-relaxation,  T,  and  T,> 
calculated  free  the  HD  slmulationd  differ  significantly  rFco 
the  results  expected  for  Isotroplo,  rigid  rotation  of  lyso¬ 
zyme  d'.,e  to  the  internal  motions  of  residues.  The  predic¬ 
tions  free  the  trajectories  are  coepared  with  the  available 
proton  NKR  relaxation  data.  The  mobilities  of  residues 
determined  from  NKR  and  from  the  simulation  are  discussed  in 
terms  of  the  protein  and  structured  water  environment  and 
the  effects  due  to  bound  (NAG)^. 
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CALCULATIOrf  OF  PROTEIN  COHFORKATIONS  BY  DISTANCE  CONSTRAIfaS 
H.  Braun  and  N.  Go,  Department  of  Physics,  Kyushu  Univereity 
Kuicuoica,  japan 

A  new  efficient  algoritfvn  was  developed  to  calculate 
protein  conformations  which  satisfy  a  given  set  of  distance 
constraints.  The  program  can  be  used  for  regularization  of 
X-ray  structures  to  standard  bond  lengths  and  bond  angles  or 
for  the  calculation  of  protein  conformations  by  giver  expert* 
iiental  or  simulated  proton-proton  distance  constraints.  The 
program  was  successfully  applied  for  proteins  up  to  240 
residues  where  all  atoms  are  included  in  the  calculations, 
Trypsin  inhibitor,  lysozytae  and  elastase  were  regularized. 
The  RMSO  values  for  stryctures.generated  from  the  X-ray 
dihedral  angles  are  3.6A,  10.5A  and  10.9A  for  these  proteins. 
After  regularization  the  corresponding  RMSO  values  are  0.2a, 
0.3a  and  0.3A.  From  the  regularized  trypsin  inhibitor 
structure  different  proton-proton  distance  constraints  sets 
were  extracted  to  evaluate  the  possible  restrictions  of  thesg 
constraints  on  the  tertiary  structure.  By  usi.tg  all  exact 
proton-proton  distances  up  to  SA  excluding  the  intra-residue 
contacts  and  by  starting  from  10  randomly  chosgn  initial 
conformations  with  RMSO  values  ranging  from  lOA  to  20A,  the 
minimizer  converged'to  the  regularized  structure  with  final 
RMSO  values  of  O.IA.  We  conclude  that  knowledge  of  all  short; 
proton-proton  distances  in  globular  proteins  determines 
almost  uniquely  the  tertiary  structure  of  protein  domains^ 

By  using  short  range.distances  with  an  accuracy  of  0.5A 
and  ao  upper  limit  of  5A  for  the  long  range  distance^,  we  can 
reconstruct  the  regularized  structure  with  RKSD  of  lA  to  2A. 
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EFFECTS  OF  CREA  AKD  A>ttONICM  SULPHATE  (AaSO<,)  ON  S.  AUREUS 
PENICILLINASE 

C.  Mltchlnson.  R.H.  Pain,  Dcparteent  of  Blochenistry, 
University  of  Newcastle  upon  Tyne,  U.K, 

The  reversible  urea  dcnaturntlon  of  S.  aureus  penicil¬ 
linase  was  studied  In  the  presence  and  absence  of  AnSOt, , 
and  the  non-colncldcnce  of  the  transition  followed  by  dif¬ 
ferent  probes  conflrets  the  existence  of  a  helical  Intcrce- 
dlacc  (H)  In  the  (un)foldlng; 

(Native)  N  e*  II  U  (Unfolded) 

,\nS0(,  shifts  both  transitions  to  concentrations  of  urea 
greater  bv  S.3  M/nol.AnSOi,  but  has  aarkcdly  different 
effects  on  the  free  energies  of  stabilization  of  states  N 
and  H  In  the  absence  of  denaturant:  ^  Is  Increased  by 

blkd/sol.  and  by  20kJ/»ol.  per'^le  AnSO^ii  AaSO«, 

has  a  dranntlc  effect  on  the  unfoldlntt  rate  constant  of  the 
N  II  transition,  1.40  H  AnSO^  decreasing  It  by  a  factor 
of  note  than  10^^,  whilst  having  little  effect  on  the  re¬ 
folding  rate.  The  effects  of  AbSOi,  and  the  characteristics 
of  tlio  transitions  In  urea  and  In  guanldlnlua  chloride 
support  a  Bodcl  for  the  unfolding  of  pcniclUlnase  in  which 
the  scpar.ilton  of  virtually  intact  folding  units,  held  to¬ 
gether  by  mlnly  apolar  interactions.  Is  followed  by  their 
gross  unfolding,  with  conconltant  loss  of  secondary  struc¬ 
ture. 
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ESR  AND  ENOOR  STUDIES  ON  IRRADIATED  FROZEN  SOLUTIONS  OF  OXY¬ 
HEMOGLOBIN  AND  0XYHY0GL08IN 

R.Kappl ,H.Hohn-Berlage  and  O.Huttercann,  Inst.  f.  Biophys. 
uTPIiysr Biochea,,  UniversitSfRegensbjrg 

Frozen  solutions  of  oxyheaogl^in  and  oxy^yoglobln,  X-ir- 
radiated  at  77  K,  exhibit  distinct  EPR-spcctra  of  i^o^ic 
sy^try  which  were  assigned  to  electron-adduct-centers 
fomed  at  the  Fe02‘'Unit  in  the  a-,  B-chains  and  in  e^oglobia 
X-  and  Q-band  neasurenents-verified  the  g-factor  assignment 
of  the  centers.  Between  77  K  and  250  K  the  irreversible  for¬ 
mation  of  secondary  centers  in  polycristalline  and  glassy 
solutions  and  differences  between  the  systems  were  characte¬ 
rized.  Upon  irradiation  down  to  4  K  no  precursors  of  the 
centers  could  be  found.  The  formation  of  the  centers  upon 
UV-irradiation  at  77  K  and  Fe(in)-aquoaet-Mb  reduction 
studies  are  indicative  for  a  direct  effect  in  the  protein 
moiety  and  subsequent  e*-cor.duction  to  the  heme-center,  *H- 
ENOOR  studies  were  pursued  on  primary  and  secondary  centers 
to  resolve  hydrogen  bonds.  Depending  on  the  field  position 
2  to  6  couplings  were  observed.  S  of  these  had  magnitudes 
between  0.5  MHz  and  4.1  KHz  and  showed  no  effect  upon  H-D 
exchange.  One  exchangeable  anisotropic  coupling  amounted  to 
11  Wiz  for  the  primary  Kb-  and  a-center.  It  was  assigned  to 
the  proton  of  of  the  distal  histidine.  Por  the  secondary 
centers  this  coupling  could  not  be  resolved.  »^N-EN00R 
studies  revealed  a  nurnber  of  lines  in  the  frequency  range 
1  MHz  to  7  KHz,  which  were  assigned  to  pyrrol  and  histidine 
nitrogens,  '‘•bowing  significant  spectral  changes  between  the 
primary  and  secondary  centers. 
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COMPARATIVE  'h-MHR  STUDIES  ON  THE  MATER  STRUCTURE  IN  SOFT 
CONTACT  LENS  AND  PROTEIN  GEL.  S.  Hayano,  H.  A'sano,  K.  Kawai, 
K.  Takahashi.  H.  Sogama*,  S.  Nagaoka*,  S.  Era*.  K.  Kuwata*, 

H.  Matarl**  and  K.  Shiga**,  Dept,  of  Ophthalmol.,  *Dept.  of 
Physiol.,  Sch.  of  Hod.,  Gifu  Uoiv.,  Gifu,  Japan  and  **Natl. 
Inst,  for  Physiol.  Sci.,  Okazaki,  Japan 

The  water  structure  in  soft  contact, lenses  (SCL)  (HEKA 
derivatives)  were  studied  using  360XHZ  'H-(WR  spectra, 

TjCHpO)  and  cross  relaxation  time  (TislHpO))  obtained  by  ir¬ 
radiation  at -4.00  ppea  from  TSP  at  J'HpZA-- 69Hz.  A.rod- 
shaped  SCL(4.8  X  20  roi)  with  a  center  hole  for  a  DjO  capil¬ 
lary  was  inserted  into  5  KMR  tube,  after  reroving  HjO  on 
the  surface  by  an  innert  tissue  paper.  A  sharp  and  a  broad 
lIjO  spectra  were  observed  at  4.74  ppra  and  4.47  —  4,52  ppia, 
respectively,  at  25*.  Ti(H20,  4.74  ppm)  and  T)(H20,  4.47  ~ 
4.52  ppm)  were  2.7  — 2.8  sec  and  0.55-  0.52  sec  respective¬ 
ly.  TislHjO,  4.74  pfm)  and  Tis(H20,  4.47  —  4.52  ppm)  were 

I. 5— 2.9  sec  and  0.35-  0.37  set,  respectively.  Spin  dif¬ 
fusion  from  polymer  matrix  to  HjO  might  indicate  the  inter¬ 
action  between  polymer  and  HjO.  Though  a  sharp  HjO  signal 
was  decreased  by  soaking  the  rod-shaped  SCL  into  OpO  for  lb 
min.,  a  broad  HjO  signal  was  not  affected.  So,  a  broad  HaO 
signal  might  correspond  to  the  strongly  bound  HjO  with  poly¬ 
mer  matrix.  On  the  other  hand,  HDO  signal  in  the  modified 
plasma  albmin  gel  did  not  show  any  significant  chemical 
shift. 
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EVIDENCE  FOR  A  TRANSIENT  INTERMEDIATE  IN  THE  REFOLDING  OF 
DENATURED  THIOREDOXIN.  Robert  Kelley  and  Earle  Stellwagen, 
Department  of  Biochemistry,  University  of  Iowa,  lows  City, 

Iowa  52242. 

Tho  monomeric  protein  thloredoxln  from  E,  coll  Is  reversibly 
denatured  in  a  single  cooperative  transition  between  2  M  and 
3  M  guanidine  hydrochloride  (Cdn)  at  pH  7  and  25*.  The 
kinetics  of  the  refolding  of  denatured  thioredoxln  were  ob¬ 
served  by  the  Increase  In  tryptophan  fluorescence  quenching 
following  dilution  of  the  Gdn  by  stopped  flow  mixing.  Refold¬ 
ing  In  2  H  Cdn  occurs  In  three  kinetic  phases  having  relax¬ 
ation  times  of  about  SOO,  15  and  1  see  accounting  for  80Z, 
lOZ  and  lOZ,  respectively,  of  the  fluorescence  change.  The 
slowest  phase  has  an  activation  energy  of  22  kcal/mole  and  Is 
generated  in  the  denatured  state.  These  features  suggest  that 
the  slowest  phase  results  from  isomerization  of  a  peptide  bond 
of  prollne  76  which  Is  about  80Z  trans  In  the  denatured  state 
and  lOOZ  els  In  the  native  protein.  The  fractional  amplitude 
of  the  slowest  phase  diminishes  to  20Z  in  a  single  transition 
centered  at  1.5  M  Cdn,  By  contrast,  kinetic  neasuresents  of 
far  ultraviolet  elllptlclty  and  of  blofunccion  obtained  by 
manual  mixing  Indicate  that  OZ  and  80Z,  respectively,  of  the 
refolding  amplitude  occurs  In  a  slow  phase.  These  observa¬ 
tions  together  with  the  results  obtained  from  manual  mulcl- 
mlxing  protocols,  urea  gradient  electrophoresis  measurements, 
and  model  simulations  are  consistent  uith  the  view  that  a 
folding  Intermediate  transiently  accumulates  during  the  re¬ 
folding  of  thioredoxln  In  low  [Cdn].  The  stsblllcy  cf  this 
Intermediate  to  Cdn  is  similar  to  that  of  thioredoxln  having 
ita  single  Intrachaln  disulfide  bond  cleaved,  (Supported  by 
bsPHS  research  grant  0122109.) 
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DNA  INTERIWLECULAR  INTERACTIONS  AND  SOLVDiT  VISCOSITY 

J. Y.Ostashevsky*  and  C.S. Lange?*  *1110  Brooklyn  Hospital, and 
**SliNy  Dovnstalc  Medical  Center,  Brooklyn,  N.Y.,  U.S.A. 

The  effect  of  solvent  viscosity  (ns)  on  the  shape  of  the 
concentration  dependence  of  the  principal  and  total  recoils 
in  crcep-recovcry  viscoelastoaetry  experiments  has  been  stu¬ 
died  for  T>Ic  DNA-glyccrol-watcr  solutions.  The  range  of  DNA 
concentration  (c)  was  2-SO  ug/ml,  glycerol, 70-80W/v;  T*K, 

27S  -  323^Xi  $alt,S  mM  *•  1  M  NaCl.  he  found  a  linear  propor¬ 
tionality  of  both  recoils  to  DNA  concentration  could  be  ob¬ 
tained  at  high  n$.  At  low  0$,  the  c-dcpcndcncc  was  iionlinear, 
approaching  saturation  at  higher  c.  For  a  given  concentrati¬ 
on,  the  ratio  of  high-  to  low-r^^  recoil  values  was  found  to 
equal  l*Kc,  where  K  is  dependent  on  ionic  strength,  but  not 
Hs  and  T,  For  a  given  solution,  both  recoils  showed  a  narrow 
(vZ^width  )  temperature  transition  between  their  high-  and 
low-n^  constant  values.  The  limiting  viscosity  of  DNA  mole¬ 
cules  did  not  change  across  the  transition. 

The  above  results  sugge$tw(l)  the  recoil  transition  fro* 
high-  to  low-Oj  values  is  due  to  collisions  between  DNA  mole¬ 
cules.  and  (2)  an  absence  of  interaolecular  collisions  if 
exeeds  a  critical  value  (  )>  This  r.^rlt 

the  ionic  strength  because  of  the  electrostatic  expansion  of 
DNA  molecules  .  the  large  the  size,  the  higher  must  be  to 
prevent  collisions.  Below  n^rit*  collisions  arc  controlled  by 

K,  which  is  the  product  of  the  diffusion  coefficient  (  D  ) 
and  the  retardation  time  ( t)  of  DNA  molecules.  K  is  indepen¬ 
dent  of  and  T  because  D  Is  proportional  to  T/n«  while  t 

is  proportional  to  n^/T. 
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NMR  STUDY  OF  THE  RATE  AKD  MECHANISM  OF  HEME  REORIENTATION 
AS  A  PROBE  OF  HESOPROTEIN  DYNAMICS 

C.  K.  La  Mar.  H.  Toi  and  Y.  ^asaaoto*  OepartiMnt  of  Chea- 
istr;s  Unlvorsicy  of  California,  Davis,  California,  USA 
Nc  have  used  proton  NMR  spectroscopy  of  paraaagnctic 
foras  of  both  cyoglobln  and  hcaoglobin  to  de&onstrate  that, 
contrary  to  current  hypotheses,  both  proteins  exhibit  hcac 
disorder  (-5-10X)  with  respect  to  rotation  about  the  a-y 
seso  axes.  Prelialnary  O2  binding  data  reveal  that  the  O2 
affinity  in  spera  whale  11b  is  draaatleally  influenced  by 
the  hcae  orientation.  By  carrylrg  out  the  reaction  between 
apoprotein  and  hesin  or  hese-CO  within  an  NMR  tube,  we  have 
also  shown  that  the  initial  products  for  both  Mb  and  Hb  arc 
the  proteins  with  cospletely  disordered  hese.  In  contrast 
to  findings  based  on  optical  spectroscopy  of  both  Kb  and  Hb 
reconstitution,  vc  find  that  the  tisc  course  to  yield  the 
native  protein  is  sany  hours  rather  than  a  few  silliscconds. 
In  the  case  of  Hb,  wc  have  detemined  the  rate  of  equillbra' 
tion  of  the  hetse,  which  has  a  sharp  ainl&ua  at  neutral  pH 
and  depends  critically  on  hece  2,4»substltucnts  and  protein 
chain  origin.  Although  the  rate  deteraining  step  In  the 
reorientation  is  dcaonstrated  to  involve  the  rupture  of  the 
axial  ligand  bonds  in  the  hese  pocket,  the  equilibration 
rate  is  tsuch  faster  than  the  hcac  self-exchange  rate.  This 
requires  that  the  hese  docs  not  leave  a  protein  **cagc" 
during  the  reorientation.  Thus  this  Intrasolocular  reorient¬ 
ation  represents  an  internal  notion  which  requires  the 
largest  protein  structural  fluctuations  docusented  to  date 
for  a  hcaoprotein. 
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INVESTIGATION  OF  THP  PATHWAY  OF  PROTEIN  FOLDING  BY  NON- 

RADIATIVE  ENERGY  TRANSFER  MEASUREMENTS 

*D.  Aalr,  ^i^D.P.  Levy  and  Haas.  *Depc.  of  Life 

Sciences,  Bar-Ilan  Univ.  Raaat-Gan  and  ^Depts.  of  Biophysics 

and  Chcalcal  Physics,  Weizaann  Institute  of  Science,  Rehovot, 

Israel. 

Kon-radiative  energy  transfer  aeasurcaents  are  used  to 
investigate  the  pathway  of  protein  folding.  Intraaolecular 
distance  distributions  and  dynasUc  and  static  segcental 
flexibilities  are  obtained  froa  donor  fluorescence  decay 
curves.  In  co^lnaticn  with  site-directed  labeling  procedures 
this  Bcthod  allows  characterization  of  the  conforaacions  of 
defined  segeents  of  partially  ordered  states  of  protein  deri¬ 
vatives  within  the  refolding  transition.  A  series  of  bovine 
pancreatic  trypsin  inhibitor  (BPTl)  derivatives  was  prepared, 
each  specifically  labeled  by  a  single  donor  an^  a  single 
acceptor  chroaophore  at  a  pair  of  its  aalno  groups.  All  the 
derivatives  were  purified  by  HPLC  and  characterized  by  pep¬ 
tide  cupping.  Using  these  derivatlv.<*s  Intraaolccular  distance 
distributions  of  several  segeents  in  the  BPTI  tooleculc  were 
detenalned  in  the  native,  unfolded  and  partially  folded 
states.  The  kinetics  of  confonaational  changes  of  each  labeled 
segoent  occurlng  during  the  unfolding/refolding  transitions 
are  currently  being  cKasured.  The  cosblnation  of  data  ebtained 
by  these  methods  froa  all  the  labeled  derivatives  will  allow 
detailed  analysis  ot  the  sequence  of  events  and  Inte:  mediate 
conforaacions  coaprislng  the  folding  pathway  of  BPTX. 
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THE  EFFECT  OF  ORGANIC  COSOLVENTS  ON  THE  DLMER-TETRA.MER  EQUIll 
BRIUM  OF  HUMAN  HAEMOGLOBIN. 

A,  Cupane,  E.  Vitrano  and  L.  Cordone.  Istltuco  di  Fisica  and 
CNSM  (CNR),  Via  Archirafi  36,  Palerao  -  Italy. 

In  order  to  further  investigate  Che  role  of  procein-soJ[ 
vent  interactions  in  Che  confonaational  and  functional  stab^ 
Hty  of  biological  Bacroooteculcs,  ve  have  studied  the  effect 
of  organic  cosolvents  (sonohydric  alcohols  and  forsanidc)  on 
the  diaer-tetraaor  cquilibriua  of  huaan  hacooglobin.  The  stu 
dy  was  performed  by  eeasuring  the  dependence  of  the  oxygen 
affinity  upon  haeaoglobln  concentration  in  a  100-fold  concen^ 
tratioR  range,  froa  3x10*^  Co  3xlO*'^H  on  a  he.ac  basis.  The 
data  were  analyzed  in  teros  of  a  acKlificd  Konod-UyiMn-Chan- 
geun  uodet  in  which  the  cquilibriua  (tetraaer)^  2  dicser«diaor 
was  taken  into  account;  this  allowed  to  obtain  the  dicDcr-t^ 
craoer  equilibriua  constant  (K).  THe  organic  cosolvcnts  were 
found  to  affect  the  dioer-cecrancr  equilibriua  through  two 
aain  contributions:  1)  bulk-electrostatic  contributions,  li¬ 
nearly  related  to  Che  variation  of  the  bulk  dielectric  con¬ 
stant  of  the  solvent  and  2)  non-bulk-elcccrostacic  (hydroph^ 
bic)  contributions,  related  to  the  decreased  free  energy  nee 
ded  to  expose  hydrophobic  surfaces  to  the  solvent  when  orga 
nic  cosolvcnts  are  present  in  the  solution  aediua.  This  indi 
cates  that  in  the  (cetraoer)^^  diocr^dioer  transition  elec 
trostatic  bonds  are  broken  and  hydrophobic  surfaces  are  ex 
posed  to  the  solvent. 
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DYNAMICS  AT  THE  ACTIVE  SITE  OF  a-ClIYMOTRYPSIN  SIDOIED  BY 
and  2|1  NMR 

S.J.  ilaeaond  and  J.T.  Cerig,  DopartBcnt  of  Checlstiy, 
University  of  California,  Santa  Barbara,  CA  95106, 

U.S.A. 

An  aryl  ester  of  N-acetyl-a“aza-p-fiuorophcn>lalirine 
stoichiocetncally  acylates  a-chyootrypsin  to  give  z 
reasonably  stable,  catalytically  inactive  protein  which 
resccbles  the  transient  acylcnzycc  intcrccdistc  forsed 
during  cleavage  of  a  phenyUlanyl  substrate  by  chyaotryp>in. 
This  protein,  and  an  analogue  in  hhich  the  p-fluorophcnyl 
ring  is  specifically  deuterated,  have  been  studied  by 
19f  NMR,  and  NMR.  Analysis  of  fluorine  spin-lattice 
relaxation  data  and  nuclear  Overhauscr  effects, 

Bcasurcd  as  a  function  of  radiofrcqucncy,  indicates  that 
rotation  of  the  fluorophenyl  ring  of  .the  inhibitor  is 
slow  relative  to  overall  protein  tusbling.  The  observed 
linewidth  of  the  deutcriua  resonance  also  shows  that  the 
fluorophenyl  ring  is  considerably  isoobiUzcd  by  the 
protein  structure  at  the  active  site.  However,  the 
observed  fluorine  linewidths  arc  larger  than  those  pre¬ 
dicted  froa  our  analysis  of  nuclear  relaxation.  Experiisents 
deaonstratc  that  this  additional  broadening  docs  not  result 
froa  heterogeneity  of  the  protein;  it  oay  be  due  to  an 
exchange  of  the  fluorophenyl  ring  between  environsents 
characterized  by  different  chcaical  shifts. 
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CICJ-:  .f  'V  t.'o  yY.k7vs  lu  fapai:; 

University  of 

Science  and  Technolo;:y,  Hefei,  Anhui,  Chinp, 
F^TPin  is  proteolytic  enzyae  consisted  of 
residues. There  ''re  two  dorsins  situeted  to  the 
ri^ht  end  left  of  '>  cleft  in  the  rolecule.The  'Act¬ 
ive  site  Cys-25  end  Hi3-15?  lie  rt  the  svrf«''<5e  of 
♦his  dividin©*  cleft.lt  is  essu-od  thet  the  bending 
"'otion  of  p'»p''in  oroimd  the  '’xio  per^lleled  to  tht 
cleft  in  f'^e  presence  of  solvent  is  deter^^ined  by 
th*  l''n'’ovin  eevietion  for  d-'med  hesr'onic  osei- 
11' tion.I’stn^  the  e-^mrio.-*!  with 

ewo  cirtPlified  rodel  T)rotein,the  hin^e  bending 
eotentioiel  enor-r:'  curve  vas  colculete'*. After  fit- 
tin*  to  this  ''vrvc,it  \  os  found  theta4<^*so  the 

is  ”overd‘^nr>pd'*,if  <'bsence  of  r^ndo^  forces 
,the  dor.  -.rs  ivo*»id  rel^-x  to  the^r  e-'uilibrsur 
''o«ii*-ion  'tithcvi.  osoill<'tJnfl'.The  r'^l'*x'>ticn  ti-^e 
r^«f/ye4.^<:v3o*  sec, Aotu^'lly  the  dof^ein 
AO  *'^r'’ e  '^ue  to  e^'»>i<»ions  \Mth  the  our- 

-clvo»'t,so  t>'P  '^r'“ni'n  Huctu  txon  '  r** 

*-c  '  s’j"  r'^rsed  on  the  ov-^rd'-rned  decry 

heh""  vior. 
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KINETICS  or  HEME  CAVITY  PROTON  EXCHA.SGE  IN  SPERM  WHALE  A.ND 
HORSE  MYOGLOBIN 

J.T.J.  Leconte  and  G.N.  La  Mar,  Dept,  of  Cheolstrv,  Unlv.  of 
Caltfomla,  P-ivls,  CA.  USA 

Dynaalc  aspects  of  the  hcnc  pocket  t  nyoglobln  (Mb) 
froa  Spem  Whale  (SU)  and  Horse  were  Investigated  by  evalu¬ 
ating  the  rate  of  exchange  of  selected  cavity  NH  protons  as 
a  function  of  pH.  The  rates  were  obtained  for  the  oct-cyano 
proteins  by  *H  NMR  spectroscopy  at  360  MHz  through  linewidth 
analysis  and  saturation  transfer  experiaents.  The  HtsFSNiH 
(proxinal  His)  and  HisFG2N»H  (on  the  proxloal  side)  exhibit 
siallar  rate  profiles  and  values  in  SW  Kb  and  Horse  Kb. 
However,  the  Horse  Mb  HisE7N)H  (distal  His)  undergoes  both 
acid  and  base  catalyses  whereas  the  sace  NH  group  in  SW  Mb 
shows  acid  catalysts  only.  The  hcac  pockets  of  SH  Hb  and 
Horse  Kb  differ  by  one  residue,  at  position  CD3,  but  arc 
structurally  the  sase  otherwise;  CDT  obstructs  a  possible 
channel  to  the  distal  face  of  the  heoe  in  SW  Kb  (ArgCDl)  but 
to  a  lessor  degree  in  Horse  Kb  (LysCD3).  Hence,  it  is  sug¬ 
gested  that  hydroxyl  ions  penetrate  readily  the  Horse  Kb 
hcae  pocket  through  an  opening  located  at  the  level  of  resi¬ 
due  CD3.  Support  for  this  hypothesis  is  provided  by  the  X- 
ray  structure  of  oct-aryl  SW  Mb  where  the  bulky  ligand,  by 
displacing  ArgCD3,  opens  a  way  to  the  distal  side.  Our 
findings  offer  a  rationalization  for  the  faster  on  and  off 
rates  of  Isocyanide  binding  in  Horse  Kb  versus  SW  Mb  in 
spite  of  siallar  cquilibriua  constants.  The  observed  ex¬ 
change  behaviors  reflect  local  phenoaena  and  do  not  corre¬ 
late  with  the  folded  nacrostato  stability  of  the  proteins 
considered. 
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SrSEcNlHG  KUTA'irpROTEV.’S  FOR  AlTEPFfl  FCLGIM,  PFOFERIiES 
S.T,  ?;aii  4r»d  F  «.  »jicf«feal$try  ar.d  Molecular  Bfoloov 

l*"lT-r»Vty-of  Terjs  Kwucal  ScMol.  Houston,  Texas,  *SS.h. 

M>«vryla»i<fc  slab  gel  electropheres*c  iiaiUr  to  that 
oescrfbed  by  Creighton  (J.  Hol^  Stoi ,  129:  235)  has  been  used 
to  screen  cutarit  fo»T2  o7  yeast  cytochrc»e  c  illcrad 
foMIsg  be^ii^ior.  The  jcls  CunUin  a-deratufinc  gradient  of 
n  CO*  forsaaide  perpendicular  to  the  dlrestfrin  of  olectro- 
phoresis  such  that  fixed  ar.d  stained  gels  provide  a  record  of 
electrsphorctic  cobility  throughout  the  unfolding  transition 
tone.  !t  is  shown  that  the  oxidited  fora  of  the  wild  type 
protein  folds  rCufersibly  and  thjt  folding-unfoloinq  f<  foSt 
cospared  to  thc  tSsc-sf  elect«iphorcsi5.  A  r.on-egoiHbriua 
experisent  shows  that  reduced  cytochrose  c  is  eore  stable  (or 
unfolds  core  slowly  than  the  oxidized  fora)  and  say  prnyMt. 
an  approach  to  estisating  differences  ir  therr^d^i.<iQic 
stability  between  the  two  foras.  Fc'*  proteins  the 

gels  provide  inforoation  on  the  fonow*ngj  1)  Is  foldino- 
unfolding  reversible?  2)  Are  rates  of  fcldiny-untoldlog 
slower  *•;  thc,«ot«nlr  i)  Hbat  is  the  difference  in  therao- 
^y02j;c  stability  uetweefi  the  aotant  and  wild  type  protein? 
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l!£:OLufIO’l  or  KUJMN  H-RCAPT-  AIlO  NO!«ERCAPrALBUM!N  3r  HlfiH- 
PERFORHAJfCE  LIQUID  CHROMATOGRAPHY  (HPIC).  H.  Soaaal. 

S.  KagaoVa,  S.  Era,  K.  Kuwata  and  K.  Noguchi*,  Dept,  of 
Physiol.,  Sc*,  of  .Hod.,  Gifo  L'ni/.,  Gifu,  Japan  and  *Techn. 
Ocrelop.  Labor. ,  Asahi  Che-iical  Industry  Co. ,  Ltd. ,  YaLo, 
Yawasji.i-i,,.,  uKasahi,  Japan 

hutsan  serum  albumin  (HSA)  is  the  mixture  of  mercaptaJbu- 
oin  (HMA)  and  nonnercaptoiPunin  (Hh'A).  During  HPLC  studies 
on  HSA  using  <arious  kinds  of  ge’.-exciusion  chromatography 
cclurtis  with  an  UU-5»niior  (UV)  and  a  low-angle  laser  light 
scattering  pnotocater  (LS)  (632.8  no),  we  found  a  cSYenient 
HPLC  coluw  (‘sah!  Fax  Gs-520H,  0.75  X  200  cm,  0.10  H  Na 
pnosphate  buffer,  0.30  NaCl,  pH  6.86)  for  the  analysis  of 
fraction  of  KXA,  foMA-  HPLC  profile  of  HSA  from  GS-520H 
column  showed  two  peaks.  Height-average  molecular  weights 
of  the  principal  and  the  secondary  peaks  in  HPLC  profile  of 
HSA  obtained  fay  OV  and  LS  data  were  66K.  Various  kinds  of 
HNA  prepared  by  the  intemolecuiar  3H  S-S  exchange  reaction 
with  cystine  or  oxidized  glutathione,  HNA(CYS)  or  HSA(GLUI) 
exactly  corresponded  to  the  secondary  peak  in  HPLC  profile 
of  HSA.  An  elution  volume  of  synthesized  HSA  dimer  was 
quite  different  from  those  of  the  principal  and  the  second¬ 
ary  peaks.  The  tightly  bound  lipid  impurities,  such  as  fat¬ 
ty  acid  did  not  show  any  effect  on  HPLC  profile  of  HSA  from 
Asahi  Pak  GS-520H  column.  So,  the  principal  and  the  second¬ 
ary  peaks  in  HPLC  profile  of  HSA  might  be  HXA  and  HNA,  res¬ 
pectively.  Mechanism  for  the  separation  of  HMA  and  HNA 
might  be  due  to  weak  resin-HSA  interaction  which  is  extreme¬ 
ly  sensitive  to  the  microenvironment  of  CYS-34  of  HSA. 
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Ccw*;:«<icive  Studies  of  ‘iative  end  Circular  Bovine  Pancreatic 

Try&sin  Inhibitor  by  'H  liHR 

H.O.Chazin,  O.^^.Goldenbcrg*  and  K.Vutnrich, 

Iftstitut  fur  Kolekulaibfologle  uno*^ Biophysfk, 

EW-KbneoAfS^-gj  ui-8l)93  Zurich,  Switzerland, 

*  »ed. Res. Council  Cecte**!  l^iv.Med.Sch., 

Hills  Read,  Casibridge,  U:K. 

A  circular  derivative  of  bovint?  pancreatic  trypsin  inhibitor 
(BPTI),  witeh  the  C-and  N-terofr.;  covalently  linked  (cBPTI), 
has  been  studied  by  spectroscopic  techniques  in  solution. 

The  outs*^andir;g  stability  of  the  globular  cenfonsation  of 
erT:  Ss  preserved  in  eSPT!,  The  frequencies  of  180®  flips 
for  corresponding  aronatic  rings  are  nearly  identical,  and 
there  is  alsn  close  coincidence  of  corresponding  aside  proton 
exchange  rates  in  the  two  proteins.  In  the  fingi»‘*pr»nt  region 
of  tfie  ‘ti  COSY  spectra  in  H2O  alsos^  cli  aaide  proton-C®'* 
proton  cross  peaks  in  end  cBPTI  are  supcric^osable, 
showing  th**  the  oulk  of  the  secondary  structure  of  BPT!  is 
preserved  in  the  circular  derivative.  Overall,  confonaa- 
tional  diffe-ences  are  thus  strictly  localized  to  the  poly¬ 
peptide  segsent  which  corresponds  to  the  C-and  re¬ 

gions  of  native  BPTI.  The  spatial  struc;u,e  and  internal  no¬ 
bility  of  this  tDolccuiar  region  are  further  investigated  by 
55easurecw»nts  of  intraiaolecular  'H-'H  distance  constraints 
with  hCESY  experisnents  and  spin-spin  coupling  constants  with 
high  resolution,  phase  sensitive,  double  quantun  filtered 
COSY  experuaents. 
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1h-NKR  STUDIES  ON  THE  HATER  STRUCTURE  IN  THE  GEL  OF  KOOIFIEO 
BOVINE  PLAS-A  AI8'"(I!i  (BPA*).  H.  Sogami ,  S.  Nagaoka, 

J.  $h:qcsii.  S.  Era,  K.  Kuwata,  H.  Hatari*,  K.  Shiga*  and 

K.  n  asaka**,  Dept,  of  Physiol  ,  Sch.  of  Med.,  Gifu  Unlv. , 
Gifu,  Japan,  *NatK  Inst,  for  rnysiol.  sci.,  Okazaki,  Japan 
and  **Dept.  of  Cheaistry,  Fac,  of  Sci.,  Kyoto  Univ, ,  Kyoto, 
Japan 

Bovine  plasma  albuain  Fr.  V  (BPA)  has  known  to  contain  a 
small  amount  of  proteolytic  enzyme.  The  enzyr.e  cleaves  the 
peptide  bonds  of  BPA  areund  pD  4.0  between  6LN-392  and  CYS- 
435  in  one  or  two  portions.  The  resultant  BPA  (BPA*/  has  a 
tendency  to  fom  clear  gel  above  8  %.  The  water  structure 
inside  of  the  gel  was  studied  using  360HHz  ’H-IWR  by  measur¬ 
ing  T^,  7?  and  cross  relaxation  time  of  the  saturation  trans¬ 
fer  method  (spin  diffusion).  The  gel  showed  a  similar  spect¬ 
rum  to  that  of  the  F-fom  except  for  slightly  broad  HOO  sig¬ 
nal.  The  saturation  transfer  experiment  from  the  irradiated 
protein  moiety  to  HDO  revealed  the  strong  cross  relaxation 
between  the  protein  and  the  surrounding  water  molecules  which 
may  be  strongly  imobilized.  Both  T]  and  Tj  of  HDO  in  the 
gel  were  remarkably  shorter  than  those  of  proteolytic  enzyme- 
free  bovine  mercaptalbumin  (BMA)  solution  and  supported  the 
results  of  the  cross  relaxation  experiments.  From  the  gel 
concentration-dependent  T]  change,  the  hydration  of  the  gel 
state  BPA*  was  calculated  to  be  more  than  89/g  BPA*  which  was 
6  folds  higher  than  that  of  BMA  solution. 
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INTRAMOLECULAR  SULFHVORYL-OISULFIOE  EXCHANGE  REACTION  OF 
BOVINE  PIA'MA  ALBUMIN  -  N-A  ISOMERIZATION.  K.  Xuwata. 

S.  Era,  S.  Nagaoka,  M.  Sogami,  H.  Inouye*  and  S.  Sakata*, 
Dept,  of  Physiol.,  *3rd  Oept.  of  lot.  Med.,  Sch.  of  Med,, 

Gifu  Univ.,  Gifu  Japan 

Bovine  mercaptalbumin  (H)  when  incubated  at  alkaline  pH 
isonerizes  to  a  new  component  (A).  The  reaction  Is  sulfhy- 
dryl  (CYL-34)  catalyzed  and  reversible  (Sogami  et  al.  (1969) 
and  Nikkei  et  al.  (1971)).  The  influence  of  ionic  strength 
on  the  N-A  isomerization  was  studied  by  a  moving  boundary 
electrophoresis.  The  N-A  isomerization  was  supressed  by  an 
Increase  of  the  ionic  strength  generally  ard  especially  by 
the  small  amount  of  CaZ*  due  to  chelate  formation  (Saroff  et 
al.  (1962)1,  The  measurement  of  the  relaxation  time  of  the 
N-A  isomerization  in  O.lS  H  XCl  at  pH  8.6  at  35*0  reveals 
that  the  life  span  of  bovine  plasma  albumin  in  vivo  was  con¬ 
trolled  by  the  N-A  isomerization.  The  N-A  isomerization  was 
the  multi-step  reaction.  In  glutathione  oxldoreduction  buf¬ 
fer  (GSH/GSSG  «  0.3  mH/0.03  pH)  without  added  salt  at  pH  8.6 
at  25*0  in  air,  the  rate  of  the  N-A  isomerization  was  nota¬ 
bly  increased  and  at  an  early  state  of  the  reaction  two  peak 
of  the  A-fom  was  observed  In  a  moving-boundary  electrophore¬ 
sis.  In  oxldoreduction  buffer  system,  the  rate  of  the  N-A 
isomerization  was  more  strongly  dependent  on  the  oxidoreduc- 
tion  potential  than  the  concentration  of  the  reduced  gluta¬ 
thione. 
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rOlMNC  OF  HISTONES  III.  INFLUENCE  OF  N-  ANP  C-  DOMAINS  ON 
THE  C103ULAR  HEAD. 

F.  Mor^,  R.  Caballero,  B.A.  Fernandez  and  T.  Montero, 

Dept,  of  Biochemistry,  Faculty  wf  Chemistry,  tniv.  Cooplu- 
tense,  Madrid,  Spam. 

The  controled  tryptic  digestion  of  Hi  from  both  calf 
thymus  and  C.  capitata  has  been  followed  by  circular 
dichroism  in  the  near  and  far  UV,  difference  spectroscopy 
and  fluorescence  emission  spectroscopy.  The  presence  of  two 
tyrosine  residues,  as  well  as  the  cpecxfic  fluorescence 
properties  of  one  o*"  them  at  low  pU  for  insect  histone  HI 
(1),  has  been  used  to  follow  from  another  perspective  the 
conformational  transition  of  the  globular  region  as  tr^tic 
digestion  occurs.  These  studies  show  that  the  hydrolisxs  of 
N-  and  C-  domains  of  the  HI  molecule  have  influence  on  both 
sccoufidary  and  tertiary  structure  of  the  globular  region. 
The  Kinotic  analysis  of  the  variation  ol  the  «<-helix  con¬ 
tent,  AG  and  quantum  yield  of  fluorescence,  show  two  dif¬ 
ferent  contributions;  the  fas*  one  correspond  to  the  influ¬ 
ence  of  the  hydrolisis  of  tho  non  structured  domains  on  the 
globular  onej  and  tho  slow  process  is  du(  to  the  l\ydrolisis 
of  this  structured  region. 

(1)  d.  Jordano,  J.L.  Barbero,  F.  Montero  and  L.  Franco,  J. 
Biol.  Chea.  258,  315-320  (1883). 
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HIGH-PERFORMANCE  LIOUIO  CHROMATOGRAPHIC  (HPLC)  STUDIES  ON 
ALBUMIN  IN  HUMAN  AQUEOUS  HUMOUR,  K.  lakahashi .  K.  Kawal. 

S.  Hayano,  K.  Kuwata*,  S.  Era*.  S.  Nagaoka*,  H  Sogani*, 

Dept,  of  OphthaltnoTi . ,  *Dept.  of  Physiol.,  Sch.  of  Ked.,  fiifu 
Univ.,  Gifu,  Japan 

Samples  of  human  aqueous  husiour  with  corresponding  sam¬ 
ples  of  blood  serun  were  obtained  from  20  patients  with  cata¬ 
ract.  HPtC  analyses  on  PGP  2000  (Asahi  Pak  Gs-520»,  0.75  X 
200  cm)  with  UV-cionitor  or  on  OASCO  Fine  Pak  102F  (0,72  X 
100  cm)  with  a  wUichannel  detector  at  neutral  pH*.  HPlC 
profile  of  hunan  aqueous  humour  from  102F  column  (only  mole¬ 
cular  sieve)  showed  albumin  (66K)  and  lower  mol.  weight  co-m- 
ponents  with  of  260  *^265  nm.  In  the  HPLC  profile  of 
serum,  the  later  coc^onent  was  not  coserved.  HPLC  analysis 
of  serum  on  PGP  2000  column  resolved  ssrum  albumin  into  two 
components,  human  n^rcaptalbumin  (KHA)  and  nonmercaptalbumin 
(HNA).  Fraction  of  HMA  in  samples  of  blood  serum  of  20 
patients  (50  --OO  years)  was  0.7  0.5.  However,  major  part 

of  albumm  in  human  aqueous  humour  was  found  to  be  HHA.  KNA 
in  the  chamber  aqueous  might  be  produced  b>  an  intermolccular 
SH  S-S  exchange  reaction  between  liXA  and  oxidised  foms  of 
sulfa-containing  amino  acids,  such  as  cystine,  oxtdired  glu¬ 
tathione,  The  conversion  of  HMA  to  HNA  might  decrease  the 
concentration  of  free  oxidized  foms  of  sulfa-containing 
amino  acids  in  the  chamber  aqueous. 


’h-NM-T  studies  on  VARIOUS  CONFORMATIONAL  STATES  OF  BOVINE 
MERCAPTAISUMIN  (BHA).  S. Nagaoka.  S.  Era,  K.  Kuwata, 

M.  Sogami.  X.  Shiga*.  H.'Watari*  and  K.  Akasaka**,  Oept.  of 
Rhysiol.,  Sch.  of  Med.,  Gifu  Univ.,  Gifu,  Japan,  ‘Natl.  Inst, 
for  Physiol.  Sci,,  Okozaki,  Japan  and  **Dept.  of  Cheo.  Fac. 
of  Sci.,  Kyoto  Univ.,  Kyoto,  Japan 

BMA  has  various  conformational  states,  such  as  E(pD  3.0E) 
f(pO  4.03),  N(pD  4.5~  7.0)  and  B(pO  9.4)  in  O.IO  H  NaCl. 

An  increase  of  BHA  concentration  in  the  F-fonii  caused  iH-NMR 
spectral  changes  (360NHz)  in  parts  of  aliphatic  and  histidin 
signals  which  were  substantiated  by  gel  fonjation,  but  no  in 
the  N-fom.  From  the  'h-NMR  studies,  the  N-  and  B-forms 
showed  the  typical  shape  being  ascribed  to  the  rigid  internal 
structure,  while  the  F-  and  E-forms  appeared  to  lose  partly 
their  rigid  structure.  In  saturation  transfer  experiments 
by  irradiation  either  at  -7.18  ppm  or  2.40  ppm  from  HOO, 
the  cross  relaxation  time  (lig)  from  the  irradiated  moeity 
to  typically  assigned  side  chain  protons  were  evaluated. 

Tic  values  of  the  F-  and  E-foras  were  2~3  folds  greater 
than  those  of  the  N-  and  B-fonas.  iH-NMR  spectra  and  Tig 
values  of  the  F-form  indicated  that  a  partial  loss  of  the 
secondary  structures  and  very  slight  increase  in  the  intrin- 
si;  viscosity  in  the  N-F  transition  lead  to  increase  the  mo¬ 
bility  of  side  chains,  that  is,  ”  the  side  chain  melting  or 
disorder  *.  The  side  chain  disorder  in  the  N-F  transition 
is  similar  to  those  In  cytochrome  C  and  poly  L-glutamate  re¬ 
ported  by  Dr.  Wada's  group  {193I).~ 
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CONFORHATIfkNAL  CHANGES  OF  BOVINE  PLASMA  ALBUMIN  PRIOR  TO  THE 
SALTING-OUT  III  CONCENTRATED  SALT  SOLUTION.  M.  Sogamt, 

H.  Inouve.  S.  Nagaoka  and  S.  Era.,  Oept.  of  Physiol.,  Sch. 
of  Med.,  Gifu  Univ.,  Gifu,  Japan 

The  H-F  transition  of  bovine  plasma  albumin  (BPA)  in 
concentrated  salt  solution  was  studied  using  a  pH-solubility 
profile  (salting-out),  -Cd^]233  and  tryptophyl  fluorescence 
(Fita)  with  excitation  wavelength  of  290  no.  It  was  postu¬ 
lated  by  Foster's  group  (1965)  that  the  solubility  (salting- 
out)  curve  as  a  function  of  pH  could  be  explained  guantlta- 
tlvely  on  the  basis  that  the  F-foro  nas  an  extremely  low 
solubility  which  Is  virtually  independent  of  pH,  while  the 
N-fora  appears  to  be  extremely  soluble.  By  working  at  very 
low  protein  concentration,  it  is  possible  to  measure  Fgjg 
and  t«)233  of  BPA  as  a  function  of  pH  under  salting-out 
condition,  A  slight  decrease  In  -tPC3233  was  observed  before 
starting  the  salting-out  In  concentrated  Wl  and  NHgCI  solu¬ 
tions.  However,  such  a  slight  decrease  in  -[PC 3233  is  too 
stall  to  conclude  conformational  changes  of  BPA  Before  star¬ 
ting  the  saltlng-out.  In  0.50  H  or  I.OO  M  KCl  (no  saltlng- 
out),  the  major  decrease  In  Fggg  (~40  *)  was  complete  at 
the  Initial  part  of  the  N-F  transition  (N-Fi).  By  working 
at  very  low  protein  concentration,  ~40  X  decrease  in  Fscq 
was  observed  before  starting  the  saltlng-out  in  2.00  H  KCl 
or  3.00  H  NH4CI  and  no  further  change  over  the  saltlng-out 
pH  range.  So,  BPA  shows  definite  changes  of  conformation 
prior  to  the  starting  of  salting-cut  in  acidic  concentrated 
salt  solutions. 
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The  Inactivation  Kinetics  of  Trypsin  by  Its  speci¬ 
fic  Inhibitors.  Ji.-M.  3hou  and  c— 1..  Tsou,  Inst. 
Biophysics,  Chinese  .Acad.  Sci.,  Beijing,  China. 

Although  tho  binding  stoichiometry  and  binding 
Kinetics  of  trypsin  with  its  specific  inhibitors 
have  been  e.xtensively  studied,  fho  activity  chingo 
during  tho  association  of  the  enzyme  with  tho  in¬ 
hibitor  has  received  but  little  attention.  The 
classical  way  of  following  activity  changes  by 
taking  aliquots  and  making  enzyme  assay  cannot  be 
reliably  applied  to  the  fast  inhibition  reactions 
between  trypsin  and  so-e  of  the  inhibitors,  this 
has  now  been  measured  by  the  novel  approach  deve- 
iojed  in  this  laboratory  by  following  tho  subs¬ 
trate  reaction  in  presence  of  the  irjiibltor  (Tian 
S.  Tsou.  1982,  Biochemistry,  21,  1028).  The  hydro¬ 
lysis  of  benzoylarginlno  ethyl  eater  in  piesence 
of  tho  inhibitor  has  been  followed  and  the  blmole- 
cular  rate  constants  for  the  inhibition  of  trypsin 
with  the  pancreatic,  ovo.Tucoig  and  soya  bean  in¬ 
hibitors  have  been  found  at  pH  7.8  and  25®C  to  be 

Jkio"*.  1x10®  and  3x10®  respectively.  Kine¬ 

tic  analysis,  of  the  effect  of  substrate  concen¬ 
tration  on  the  rate  constants  shows  that  the  inhi¬ 
bitions  by  tho  pancreatic  and  ovomucoid  inhibitors 
are  of  tho  competitive  and  non-co»piexir,g  typo 
whereas  tho  mochanisn  of  tho  inhibition  by  the 
soya  bean  inhibitor  is  much  more  complex  and  may 
involve  a  number  of  Intermediate  steps. 
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TICOH -ICC  i J  dynamos  op  Aomivs  SIT"?  OYS-25  IN 
I  AT  AO 

:<.".yT'N.Y.Y.Shi  -n'  C.X../-nc  Tbeoretic-'l  r-leonler 
biophysics  c-enp,  Chinese  University  of  Science 
nd  Techcol(w>y,  Hefei,  Anhi”,  Chine . 

Tepi'-n  is  s  proteolytic  enzyre  corsiateJ  of 
-eriAnes.Por  tbp  Oyil  vrJerot-'nHinc  of  the 
gtnietiire  "nJ  funotion.lt  ee^ienti'l  to  h' ve 
“  kno  leJce  n  t  only  of  the  ''ver~(;o  nositjen  of 
the  etO"*o,b''t  -loo  o*‘  ‘he  m-enitgApe  -nJ  ti-f 
-0  1*0  of  tbp  flveb'ictt  on*  eboyt  ‘he  evepepe  -0*1- 
tion.The  -olecul-r  Hyn-midn  oi-nl-tjon  •  "S  ceeA  to 
im,-p-ti— te  ‘he  oico-coonh  Jyn-r-'oe  of  '*o‘lvo  ‘Ito 
Cys— 5  '-t  jCObK  '.n  T-r>''i’'..le  -o‘  \<'  oiooeecon'’ 

*•/'  n  n.uotr'>ticn''  "^hout  ♦•ho 

''ix  '•tor?  ie  O./l  prrfomjnj  ti:o 

c-'***'®!' ♦‘jvp  thp  r*ov'#®r  spectnu*'  tre 

vHTvoc'tfy  thi®  -oricn'*!  ch^'met^^r  or  Cyf»-f5 
in  7"*c^o<®con<^  tjrif  nc-'lo'',The  oftncie*)  oorr*»£**'en 
"n"  kii'^hor  "cvor  '’neotni"  rr*  bet'  O.i  <!{*' 
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TAB  INCOHPLBTBLY  DENATURED  STATE  OP  GLOBULAR 
PROTEINS 

SeKidokoro,  R.Hanai,  KeNagayat&a,  A.Wada, 

Department  of  Physics,  Faculty  of  Science, 
University  of  Tokyo,  Bunkyo-ku,  Tokyo,  Japan 
From  the  measurement  of  near  and  far  ultra¬ 
violet  circular  dichroism,  fluorescence,  nuclear 
magnetic  resonance,  and  calorimetry  of  globular 
proteins  such  as  lysozyme,  carbonic  anhydrase  B, 
rlbonucleasc  A  and  pepsinogen  in  various  solution 
conditions,  we  classified  the  conformational 
states  of  these  proteins  broadly  into  three 
states,  that  is,  native  state,  random  coil  state, 
and  Incompletely  denatured  state  (ID  state) •  In 
the  ID  state,  the  tertiary  structure  of  native 
state  is  almost  broken  whil*  some  secondary 
structures  are  retained,  which  are  not  nesessarily 
same  as  in  native  state.  Although  lysozyme 
exhibits  one-step  transition  and  pepsinogen  shows 
an  eiiuilibrium  intermediate  during  guanidine 
hydrochloride  (GuHCl)  denaturation,  tho  temper- 
ature-GuHCl  state-diagrams  of  those  proteins  are 
found  to  be  almost  same  and  consist  of  these  three 
states,  b'e  consider  that  denatured  protein  in 
water  could  still  have  secondary  structures,  and 
when  the  concentrated  denaturant  such  as  GuHCl 
exists  at  low  temperature,  the  secondary 
structures  would  be  broken  by  the  binding  of 
denaturant  and  the  protein  is  unfolded  to  random 
coil  state. 
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VIBRATIONAL  CIRCULAR  DICHHOISM  OF  POLYPEPTIDES 
T.A,  Kelderllnq/  A.C.Scn,  U.  Narayanan*  S.  Yasui* 
A.  Annamalai*  Dopartr&cnt  o£  Chenistry,  University 
o£  Illinois  at  Chicago,  Box  4348,  Chicago, 
Illinois  60680  /  USA 


Vibrational  circular  dichrolsm  (VCD)  spectra  of 
polypeptides  in  both  the  ©< -helical  and  B-sheet 
conformations  have  been  obtained  in  solution  and 
films.  The  data  for  Anidc  I  and  A  bands  have  very 
good  signal-to-noise  ratio  and  show  characteristic 
features  for  each  conformation.  Some  of  the  signs 
and  magnitudes  are  not  in  agreement  with  previous 
theoretical  predictions.  Film  VCD  for  extended 
polypeptides  is  very  sample  dependent;  however, 
for  globular  proteins,  such  data  matches  the  so¬ 
lution  results.  Preliminary  results  on  oligo¬ 
peptides  and  polynucleotides  will  be  discussed. 
These  shorter  segments  yield  less  easily  charac¬ 
terised  VCD  due  to  the  proportionally  larger  end 
c. .ects. 
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QUENCHING  OF  TRYPTOPHAN  PHOSPHORESCENCE  IN  ALCOHa  DEHYDRO¬ 
GENASE  FROM  HORSE  LIVER  AND  ITS  TEMPERATURE  MPENaNK 
N.  Barboy  and  J.  Feitelson,  Departcient  of  Physical  Chenistry, 
The  Hebrew  University  oFTerusalen,  Oerusalen  91904,  Israel. 

The  phosphorescence  of  Alcohol  Dehydrogenase  from  Horse 
liver  (LADH)  can  be  observed  at  room  temperature.  The  quen¬ 
ching  of  this  long-lived  light  enission,  which  cones  from  a 
tryptophan  residue  well  buried  within  the  interior  of  the 
enzyne  structure  was  reasured.  The  rate  constant  for  the 
quenching  by  the  snail  oxygen  nolecule  and  by  the  1~  ion 
were  found  to  be  1.4x10®  H"'sec"i  and  10®  H"*scc"’  respec¬ 
tively  at  rom  temperature.  The  sane  quenching  rate  con¬ 
stant  was  obtained  both  by  steady  state  and  by  triplet  life¬ 
time  neasurerents,  i.e.  a  dynamic  process  and  no  ground 
state  conplex  is  involved  in  the  quenching.  The  tenperature 
dependence  of  the  quenching  yields  an  activation  energy  of 
about  14  kcal/isole.  This  activation  energy  and  the  ineaning 
of  the  accompanying  large  pre-exponential  factor  in  the 
Arrhenius  equation,  A  •  10'®  H"'sec"*,  are  discussed  in 
terns  of  a  laodel  in  which  the  quencher  threads  its  way 
through  the  protein  network.  It  is  proposed  that  the  dif¬ 
fusion  of  the  quencher  is  oade  possible  by  teoporal  “mel¬ 
ting"  of  local  structures  within  the  protein.  These  tempo¬ 
rarily  disordered  locations  provide  on  the  one  hand  channels 
for  the  diffusing  quencher  molecule  and  on  tha  other  hand 
cause  the  entropy  of  activation  in  k„  »  A,.-,exp(aS*/R) 
exp(-aHVRT)  to  assume  a  large  ' 

positive  value. 
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HONHERCAPT-HERCAPT  CONVERSION  OF  HUMAN  SERUM  ALBUMIN  (HSA) 

BY  HEMODIALYSIS.  H.  Sogami ,  S.  Era,  S.  Nagaoka,  k.  Klda. 

K.  Kuwata,  k.  Hiura*,  H.  Inouye*,  E.  Suzuki*,  S.  Hayano** 
and  S.  Sawada***,  Dept,  of  Physiol.,  *3rd  Oept.  of  Int.  Med., 
Sch.  of  Mod,,  Gifu  Univ.,  Gifu,  Japan,  **Hayatoku  Hospital, 
Gifu,  Japan  and  •••Sawada  Hospital,  Gifu,  Japan 

HSA  is  the  mixture  of  mercaptalbumln  (HMA)  and  nonmer- 
captalbumin  (HNA).  The  SH  group  of  HMA  acts  as  a  scavenger 
for  heavy  metal  ions,  such  as  IlgJ*.  Another  role  of  the  SH 
group  is  the  intramolecular  SH  S-S  exchange  reaction,  resul¬ 
ting  In  the  molecular  ageing  of  IWA  (see  a  separate  poster 
from  our  group).  He  recently  developed  a  new  high-perfor¬ 
mance  liquid  chromatography  system  (HPLC)  for  the  resolution 
of  HMA  and  HNA  at  neutral  pH  (Asahl  Pak  GS-520H,  0.75  X  200 
cm).  Using  a  new  HPLC,  fraction  of  lHA{fif(/^j  of  healthy 
rale  adults  was  0.76  i  0.025.  In  hemodialysis  patients, 

■IKA  kefore  dialysis  and  mean  value  of  C{fi«»  after  dlaly- 
s's)-(fHMA  before  dialysis)]  were  0.45  i  0.W7  (n  •  112)  and 
0.16  +  0.054  (n  ■  100).  He  found  the  nonmcrcapt-mercapt 
conversion  (HNA  — »•  HMA)  during  heexidlalysis  and  the  mercapt- 
nonnercapt  conversion  (IHA  — >  HNA)  after  hemodialysis  in 
hemodialysis  patients.  Indicating  IftA  being  *  a  covalent 
carrier  protein  ■  for  sul fa-containing  amino  acids,  such  as 
cysteine,  honocysteirie. 
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AGGREGATION  OF  .MELITTIN  IS  MEDIUM  -  DEPENDENT 
B.  Chandanl.  &  D.  Dalasubramanian,  Ccnirc  lor  Cellular  and 
Molecular  Biology,  Hyderabad,  India, 

The  mcmbrane-lyiic  bee  venom  peptide,  melitrin,  is  shown 
10  exist  as  monomers,  tetramers  or  other  aggreqates  depending 
upon  Its  environment.  At  pH  7  it  is  monomeric  and  unordered, 
and  the  circular  dichroism  of  its  lone  tryptophan  is  negligible 
in  ihe  aromatic  region.  The  tetramers  oi  melitrin  formed  upon 
2M  NaCl  or  upon  0.^  phosphate  addition  at  pH  7  (form  T.) 
are  largely  helical  and  display  well-delined  aromatic  region 
ellipticilies  (-90*).  .Melitrin  also  tetramerises  beyond  pH  10 
into  lorm  T..  wiih  a  secondary  structure  similar  lo  T,  but  dis- 
plais  weaker  aromatic  cHipticily  (»20“),  These  aromatic  circular 
dichroism  results,  along  with  the  reported  NMR  spectral  diKer- 
eiices,  indicate  dillerent  protomer  arrangements  and  tryptophan 
environmenl/mobility  between  forms  T,  and  T...  We  have  lound 
melittin  lo  also  aggregate  in  aqueous  sodium"  dodecyl  sulphate 
(SDS)  solutions  to  lorm  mixed  aggregates  (e.g.  at  SDSiMehtiin 
ratio  I3il)  with  distinctly  enhanced  aromatic  ellipticity  compared 
to  T|.  As  the  SDS/Melittin  ratio  is  increased  to  upto  70,  ihe 
secondary  structure  remains  unaltered  while  the  aromatic  cllipti- 
city  and  sedimentation  cocHicicni  decrease.  Tliese  indicate 
a  decrease  in  the  number  of  melittin  molecules  per  mixed  aggre¬ 
gate,  until  at  excess  SDS,  monomeric  helical  melittin  is  obtained. 
This  -same  form  is  seen  when  melittin  is  included  in  inverted 
micelles  ol  Aeiosol  OT  in  isoocianc  (0.2*  water),  but  when 
the  water  content  is  Lcteased  to  0.9%,  the  aromatic  ellipticity  dou 
blei  doe  10  melittin  agyregaiion  and  phase  separation.  Such  aggre¬ 
gates  ol  melittin  in  the.3e  membrane-mimetic  media  would  appear 
more  relevant  to  the  study  ol  its  lunctioo  than  T,  or  Tij. 
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THE  STRUCTURAL  TRANSITION  OE  BOVINE  PLASMA  ALBUMIN  (BPA) 

WITH  THE  SIDE  CHAIN  MELTING  —  THE  N-F  TRANSITION.  S.  Era, 
k.  kuwata,  S.  Nagaoka  and  M.  Sogani,  Dept,  of  Physiol.,  Sch. 
of  Med.,  Gifu  Univ.,  Gifu,  Japan 

The  N-F  transition  (0.10  H  kCl,  pH  3.75-4.45)  of  BPA  is 
the  structural  transition  with  decrease  in  ct -helix  content, 
very  slight  increase  in  the  Intrinsic  viscosity  and  the  side 
chain  Melting  indicated  by  the  Scatchard's  plot  of  acid-tit- 
ratioh  data  with  correction  for  protein  surface  potential 
and  by  the  'H-NMR  spectra  of  the  F-fora.  The  structural  tra¬ 
nsitions  of  ferri  cytochrome  C  and  poly-L-glutaiiantc  with 
the  side  chain  melting  were  reported  by  Hada’s  group  (1981). 
BPA-detergent  (sodium  dodecyl  sulfate)  complex,  AD^  was  stu¬ 
died  using  tryptophyl  fluorescence  measurerents,  such  as 
peak  in  fluorescence  (7*hax).  fluorescence  polarization 
(1/P),  rotational  relaxation  tine  (  ?tRP)  4®'*  CD-resolved 
secondary  structure.  ^mx>  '/f**  ?TRP  ®®''  CG-resolvcd  se¬ 
condary  structures  of  ADj,  (Bi.8)  showed  characteristic 
changes  in  the  H-F  transition.  Those  of  ADto  (n  •  10~12) 
did  not  show  any  significant  changes  in  the  N-F  transition 
region  expected  by  the  corrected  Scatchard's  plot  and  only 
showed  characteristic  changes  In  the  acid-expansion.  The 
corrected  Scatchard's  plot  of  AOig  clearly  Indicated  the 
side  chain  melting  as  ADg,  that  is,  the  transition  of  ionic 
bondings  between  positively  and  negatively  charged  side 
chains  to  those  between  small  ions  and  side  chains.  So,  the 
N-F  transition  of  ADjo  or  ADjj  might  be  the  structural  tran¬ 
sition  with  the  side  chain  melting  and  without  any  changes 
in  the  secondary  structures. 
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DYlIAUrCS  OF  STilEPr02Ii;.lSE  SPAIIAL  SIRUSIURE  IN 
SOIOTIOH 

V.K, Nikon droy.  G.V.  Vorobyova,  N.I.  Garbus,  V.P. 
Ooiubovlcb,  i^elorussien  Res.  Inst,  of  Epideaiolo- 
BF  and  Uicrobiology ,  Nogin  Street,  Ulnsk,  USSR 

Arising  from  the  possible  role  of  tyrosine  and 
tryptophane  residues  of  streptokinase(3K)  in  plas¬ 
minogen  octivatlon  SK  structure  changes  have  been 
studied  in  aqueous  solution  by  methods  of  trypto¬ 
phane  luminescense  and  oscular  dichroism.  Four 
tryptoph-ane  residues  ore  localized  in  SK  molecule 
"pockets",  vihich  bring  the  positive  charge.  K! 
changes  from  3  to  9  do  not  influence  their  state. 
At  the  range  of  pH  from  Z  to  13  the  SK  secondary 
structure  Ig  represented  by  an  unordered  fomA.4- 
hellceeiA-bends^  -struotures(nainly ,  antiparallej 
At  the  range  of  pH  from  2  to  5  the  part  of  paral¬ 
lel^  -structures  significantly  increases  and  at 
pH>8,5  the  part  of o4 -helices  and^ -structures  re- 
luces.  At  pH>12  irreversible  d.spiralization  of 
the  moloculo  and  decrease  of  the  paet  of  parallel 
^-structures  most  stable  for  SK  are  observed.  The 
Incrcar  if  NaCl  concentration  up  to  1,5H  only  so¬ 
mewhat  -.ns  the  molecule  surface  in  the  region 
of  "poet.  .j".  Ur6a(8ll)  and  guanldine*HCl(61!)  cause 
the  molecule  despiralization.  Unlike  the  urea  the 
gua:.ldine“HCl  action  is  irreversible.  Slie  studied 
physico-chemical  factors  excluding  extremal  effect 
do  not  appear  to  influence  the  SK  molecule  sites 
near  tryptophane  residues. 
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STUDIES  OF  A.NTIBIOriC/PEPTIDE  COMPLEXES:  IMPLIC¬ 
ATIONS  FOR  PROTEIN  BINDING 

H.P.  WilliatASon  and  D.H.  WilXiaaSi  ChoB. 

Lab.»  Lensfield  Rd.,  Caabridgc,  UK. 

Vancoaycin  and  ristocetin  are  peptide 
antibiotics  which  act  by  binding  to  coll  wall 
aucopoptides  terainating  in  the  sequence  -D-Ala- 
D-Ala.  Their  structures  and  those  of  their 
coaplexos  with  Ac-D-Ala-D-Ala  and  Ac^-bys-D-Ala- 
P-Ala  are  well  characterised  and  provide  the  basis 
for  studies  of  the  effect  of  nobility  on  the 
thersodynaDics  and  kinetics  of  cosplex  foraation. 
Evidence  to  be  presented »  largely  fros  nar  studies 
using  the  nuclear  Overhauser  effect,  shows  that 
the  binding  site  of  ristocetin  for  the  carboxylatc 
torainus  of  the  peptide  is  fairly  rigid,  with 
hydrophobic  walls  and  a  bottoa  lined  with  aaido 
nitrogens*  which  are  thus  in  a  very  unusual 
environneni  and  can  fora  strong  hydrogen  bonds. 

By  contrast  vancoaycin  is  flexible,  and  in  the 
absence  of  peptide  exists  largely  in  an  extended 
conforaatlon;  on  addition  of  Ac-D-Ala-D-Ala  it 
folds  up  into  the  same  unusual  carboxylatc 
pocket  as  ristocetin.  The  consequence  is  that 
the  rate  of  foraation  of  the  coaplex  is  auch 
faster  for  vancoaycin*  but  the  binding  constant 
is  larger  for  ristocetin.  Obvious  iaplications 
for  onzyae/substrate  coaplexes  are  drawn. 
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CORREtATION  OF  SUBSTITUTED  AMINO  ACID  RESIDUES 
WITH  CONFORMATIONAL  STABILITY  IN  EIGHT  PROTEINS 
VARIOUSELY  SUBSTITUTED  AT  AN  IDENTICAL  UNIOUB 
POSITION 

K.  Yutnni.  K.  O^asahara/  &  Y.  Sugino*. 

Inst.  Protein  Res.*  Osaka  Univ.*  Suita  Osaka  Japan 
and  *Kansai  Medical  Univ.*  Kirakata  Osaka  Japan 

In  order  to  elucidate  the  role  of  individual 
amino  acid  residues  in  confornational  stabiliza¬ 
tion  of  a  protein,  the  stabilities  of  the  wild- 
type  tryptophan  synthase  a-subunit  from  e.  coli 
and  Its  seven  mutant  proteins  substituted  by 
single  amino  acid  residues  at  the  same  position 
were  compared.  The  mutant  proteins  have  Gin,  Met. 
Val,  Tyr*  Leu,  ser,  or  Lys  in  place  of  Glu  in  the 
wild-type  protein  at  Position  49. 

The  results  indicate  that  (1)  the  conforma¬ 
tional  stabilities  of  the  studied  proteins 
increase  linearly  with  hydrophobicity  of  the 
substituted  residues  (except  Tyr)  and  the  coeffi¬ 
cient  of  this  linear  dependence  is  2.3,  3.4,  and 
1.2  at  pH  5.5,  7.0,  and  9.0.  respectively  and  (2) 
charged  groups  (Lys  or  Glu)  at  Position  49  serve 
as  destabilizing  factor  when  ionized  in  acid  or 
alkaline  region. 
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;  SOLVaNT-P^TURBATlOh  TUJOHQ-^^A'i  OF  GtOKJlAR  PiiCTEE.’S: 

‘  OF  SURFACE  TRYPTOPHAlffL  .lESmUlS  Tl  BACTaiO- 

I  RhOjX>FSlh  V.Y.,  Sherman.  B.J.  Plotkln  and  K.  Bovd,  Dept. 

of  Physical  Sciences,  Chicago  State  University,  Chicago. 

I  ID  60^26,  USA. 

^  The  broad  huoroscence  eaisslon  from  Trp  residues  of  aq. 

suspensions  of  baoterlorhodopsin  in  its  native  purple  oca- 
brarie  may  bo  resolved  into  contributions  characteristic  of 
exposed  residues  in  addition  to  those  typical  of  a  hydro- 
phobic  environment.  Addition  of  glyc«»rol  to  the  suspending 
*  oedlun  results  in  .'ui  enhanoeaent  of  the  fluorecence.  Exas- 

ination  of  the  glycerol  effect  for  nine  other  Trp-oontaln- 
ing  proteins  reveals  a  linear  correlation  between  fluoresc¬ 
ence  enhanceaent  and  literature  values  for  fractional  Trp 
•  .  osure.  Glycerol  is  considered  to  have  little  effect  on 
polypeptide  confonaation  and  its  role  in  tlie  cbseived  phen- 
oaenen  nay  be  attributed  to  viscosity-dependent  inhibition 
of  fluorescence  quenching  which  results  froa  solvent  relax- 
,  aticn  around  the  nascent  dlrolo  cooent  of  the  excited  state 

of  exposed  Trp.  It  is  proposed  that  glycerol-perturbation 
fluorofflotry  nay  be  a  generally  applicable  sensitive  method 
for  the  estitaatlon  of  surfece  regions  of  protein  polypep¬ 
tide  cliSins  under  conditions  that  arc  close  to  physiologic¬ 
al.  tVn  applied  to  bacteriorhodopsln,  it  gives  a  value 
for  the  exposed  fraction  of  fluorescr  *rp  of  .$02, 15  that 
is  in  g^od  agreement  with  other  cstis-  ♦i.  (Research  supp¬ 
orted  by  I’lH  grants  £102219  and  RHC$043  and  I'S?  grant  KC'- 
0505454.) 
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TRIPLE  POINT  BEHAVIOUR  OF  KUTAKT  HUMAN  HAEMOGLOBINS 
Stanley  J.  GUI  and  Brough  Richey,  Departaent  of  Cheelstry, 
University  of  Colorado,  Boulder,  Colorado,  80309 

.A  recent  crystallographic  observation  by  Brzozcwskl  ot 
al.'  shows  that  half -oxygenated  haeaoglobln  crystals  exist. 
At  first  sight  this  would  sees  to  leply  the  dUcovery  of  a 
unique  structural  species  defined  by  the  presence  of  two 
bound  oxygen  molecules.  However,  the  foraation  of  crystals 
with  a  specific  degree  of  ligation  Is  predicted  to  occur 
when  two  distinct  crystalline  ^ases  coexist,  naaely  at  the 
triple  point.  U.seeos  likely  that  the  crystals  studied  by 
Brzozowski  et  O,  were  selected  froa  a  alxture  of  T  and  R 
crystalline  fores  obtained  under  conditions  where  the  triple 
point  existed.  The  partial  pressure  of  oxygen  at  the  triple 
point  has  been  calculated  froa  the  results  of  Halre  et  al. 
to  be  $5  torr  for  HbA  under  these  conditions.  At  this 
pressure  the  solid  T  fora  Is  581  saturated  and  the  solid  R 
fora  Is  99.9  %  saturated.  This  corresponds  notably  well 
with  the  half-saturated  T  state  crystals  found  by  Brzozowski 
et  al.'.  Slatlar  calculations  on  the  autant  haeaoglobtns 
HbC  and  HbS  show  that  their  crystalline  T  foras  should  be  33 
and  7^1  saturated  at  their  triple  points  of  19  and  108  torr* 
respectively.  This  work  was  supported  by  NIH  grant  HL22325. 

1,  Brzowskl*  A.»  Derewenda*  2.*  Dodson,  E.*  Dodson,  G., 
Crabcwskl,  H..  Llddtngton,  R.*  Gkarzynskl*  T.,  and  Vallely* 

l^ature  307,  74-7$  (198^) 

2.  Halre*  R.  N..  Tlsel*  H.  A.,  Nlazl*  C.,  Rosenberg*  A.* 
CIU,  S.  J.,  and  Richey,  B.  Blochea.  Blophys.  Res,  Coea. 
tOl,  177-182  (1901) 
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a-HELXX  FORMATION  BY  SHORT  PEPTIDES  IN  WATER 
R.L.  Baldwin.  K.R.  Shocaakcr,  P.S.  Kla  and  D.N.  Breas, 
Dcparctaent  of  Biochemistry,  Stanford  University  Medical 
Center*  Stanford,  CA*  USA;  Eunice  York  and  J.K.  Stewart, 
Deoartaent  of  Biocheaistry,  University  of  Colorado  Medical 
School,  Denver*  CO,  USA;  and  I.M.  Chaiken,  Laboratory  of 
Chcaical  Biology,  NUi,  Bethesda,  MD,  USA. 

Peptides  of  20  residues  or  less  are  predicted  not  to 
fom  a-hclices  in  water,  regardless  of  aatno  acid  coaoo- 
sitx'^n*  according  to  the  Biasa-Bragg  equation  and  ''host- 
guest*'  data  for  helix  foraation.  Nevertheless  the  C-peptlde 
of  ribonuclease A  (residues  1-13)  and  related  ooptldes  show 
aartlat  helix  foraation  in  water  near  0*C.  Charged  grouos 
play  a  aujo?  role,  as  shown  by  the  pH  dependence  of  helix 
stability.  Sone  of  us  proposed  that  a  Glu  9****  His  12'^ 
salt  bridge  aay  stabilize  the  C-peptlde  helix,  and  ve  have 
now  tvsied  this  with  chcaical  analogues  of  C-pentide.  The 
substitution  Glu  9  '^Lcu  slightly  enhances  helix  stability. 

In  contrast  to  the  prediction  of  the  salt  bridge  eodel. 
Allowing  a  second  salt  bridge  (Glu  His  5'^)  to  be  aade 
via  the  substitution  Ala  5  **^Hls  strongly  reduces  helix 
stability*  again  In  contrast  to  the  predicted  effect.  We 
conclude  that  the  unexpected  stability  of  the  C-pepclde 
helix  Is  not  caused  by  a  Glu  9”  His  12^  salt  bridftc. 
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FlUORCKHRIC  AND  CIRCULAR  DICHROIC  STUDIES  ON  THE  ACID-IHDU- 
CEO  ISOMERIZATION  OF  BOVINE  PLASMA  ALBUMIN-1-ANILIN0-8-NAPH- 
TIIAIENE  SULFONATE  COMPLEX  (BPA-ANSl.o)  S.  Era,  S.  Ogura, 

K.  Klda*  K.  Kuwata*  5.  Nagaokd  and  H.  Soganl,  OeptTo? 
F^sfoT.,  Sch.  of  Hed.»  Gifu  Univ.,  Gifu,  Japan 

The  acld-induced  isomerization  of  BPA-ANS)^0  was  studied 
using  fluorescence  Intensity  (F45q}»  fluorescence  polariza¬ 
tion  (1/Pj,  peak  In  fluorescence  1^hax)»  fluorescence  life¬ 
time  (’Cp)  and  induced  ANS  CD  spectra.  In  0.02  H  or  0.05  H 
NaC104,  the  pH-profilcs  of  fluorescence  data  were  extremely 
simple  and  correlated  exactly  with  the  N-F  transition  and 
the  acld-expanslon  (F-E).  Increase  in  Fdgo*  decrease  in  1/P 
and  blue  shift  were  observed  in  the  N-F  transition  (0.02  H 
NaC104,  pH  3.2— 3.9)  or  the  N-Fi  transition  (0.05  H  NaCI04. 
pH  3,0— 4.2).  Slight  decrcssc  In  F46Q  and  slight  increase 
in  T/P  were  observed  below  pH  2.5  (the  acid-expansion). 
Induced  ANS  CO  spectra  were  obtained  using  difference  CO 
between  BPA  and  BPA-ANSi  n*  Induced  ANS  CD  spectra  showed 
two  positive  bands  at  2b0'^258  and  340—345  na  and  one  ne¬ 
gative  band  at  280  nm.  Large  increases  in  and  r4go 

were  exactly  correlated  with  the  N-F  transition.  Rotational 
strengths  at  2C0  nn  in  the  N-,  F-  and  E-forms  were  -0.434, 
-0.089  and  -0.161  D6K,  respectiv'ely.  The  bound  ANS  might  be 
In  a  markedly  asyaetric  environment  In  the  N  form  and  a  less 
asynctrlc  in  the  F-fbra*  resulting  in  the  increase  in  F4go. 
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CHROHATOGMPHr  AS  A  NEW  KEANS  FOR  EVALUATING  BASIC  MOLECULAR 
STRUCTURE  PARAMETERS. 

H.Hald3ann»Keyer.  Institute  of  Physical  Cheaistry,  Technical 
University  of  Denoark,  Copenhagen-Lyngby. 

Chrccatographic  partition  Is  a  diffusion  process  and  thus 
depends  upon  the  tsolecular  Stokes'  radius  The  Gsooetrical 
Exclusion  Model  {GEM}^  predicts  that  for  GLASSES  Ko«(l*Re/Rx)* 
and  for  GELS  Here*  Rx  is  the  cavitv 

radius,  cp  a  conus  angle  and  k^=Ko/KAv>  Both  eqs.  have  been 
thoroughly  validated  by  data  for  native  and  denatured  prote¬ 
ins,  polysaccharides  and  polymers.  The  Rx  values  agree  with 
physical  measurements.  For  any  molecule.  Re  ■  M^A,  where 
X  and  A  are  well  defined,  structure-specific  constants,  wide¬ 
ly  different  for  ellipsoids,  rods  and  flexible  coils.  For  the 
first  two,  X  and/or  A  contain  V  and  f/fQ(H),  while  for  coils 
they  cooprise  the  expansion  factor  a,  effective  bond-length  B 
and  monomer  weight  M^.  Replacing  Re  in  the  above  eqs.,  .we  get 
the  linear  GEM-plo^  -log{1-KoJ)  Iglassl  or  -log(l-KAVf^) 
Igell  vs.  log  H.  The  slope  a  -x  and  the  y-intercept  ■  -log 
(A/Rx)  or  -logIA/RxCos«o*k)l.  The  slope  will  often  be  known  a 
priori,  so  that  only  few  experiments  are  needed  for  calibra¬ 
tion.  Thus,  homologous  substances  give  a  straight  line 
from  which  the  hydrodynamic  structure,  axial  ratio,  ideality 
{v<a  a),  length  e,  diffusion  coefficient  and  gyration  radius 
say  be  determined.  No  other  single  technique  is  able  to  pro¬ 
vide  as  many  essential  data  as  exclusion  chromatography. 

*H.HaldBjann-Keyer,  in  "Chronatography  of  Synthetic  and  Biolo¬ 
gical  Polymers",  Vol.I,  R.Epton,  ed.,  £. Norwood,  1S78. 
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SOLVENT  STRUCTURE  IN  PROTEIN  CRVSTALS 

P....  Artyaluk,  D.I,  :.cuatt,  C.C.P.  filAkc  and  W.C.A.  Pulford, 
Laboratory  of  Molecular  Biophysics,  Dcpartssent  of  Zoology, 
oxford,  UK. 

Analysis  of  the  solvent  structure  of  a  nusbcr  of  cell 
refi.ied  high  resolution  prot*in  structures  shows  that  the 
water  poloculos  can  be  diviced  in  four  distinct  classes: 

1.  Ordered  waters  saV.ing  aorc  than  o.ne  hydrogen  bond  to 
protein:  those  are  as  well  ordered  as  the  protein  itself 
and  occupy  sioilar  binding  sites  in  hoaologous  solccuXcs. 

2.  Ordered  waters  saking  only  one  direct  n  bond  to  protein  - 
these  ate  less  ordered  than  the  protein. 

3.  Those  not  d<^rcctly  H  bonded  to  protein,  these  arc  less 
ordered  still. 

4.  Bulk  water,  usually  coeprising  60-601  of  the  solvent  in 
the  crystal  characterized  by  low  featureless  electron  densitjj 

For  husan  and  tortoise  lysozyoe  saolcculcs  contact  area 
calculations  indicate  that  the  proportion  of  the  protein 
surface  covered  by  ordered  waters  is  about  7St  and  the 
interactions  with  the  protein  have  been  exvtnincu  In  detail. 
Even  in  the  absence  of  a  detailed  aodeX  for  the  waters  in 
classes  1  to  3  sicple  aodels  can  be  constructed  for  the 
disordered  solvent,  cither  directly,  using  a  continuua  of 
electron  density  or,  by  Babinet's  principle,  froa  the 
coepleaentary  scattering  of  the  solvent  vh:ch  is  displaced 
by  the  ordered  cosponents  of  the  crystal.  Purthernore  the 
use  of  such  aodels  facilitates  analysis  of  these  ordered 
coKpononts. 
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ENERGEnCS  OF  ALLOS'.ERIC  REGULATION  IN  E.  COLI  ASPARTATE 
TRA.NSCARBA.MyLASB.  N. Allcwoll,Dept.Biol.’wosleyan  fniv. Middle- 
town, CT  USA.'J. Matthew, GenexCorp., Gaithersburg,  MO  iSA;J.Wild 
Dept. Bicchea.Biophys. Texas  ASM, College  Station,  TX  USA. 

E.  coll  aspartate  transcarbaaylaso  '  s  a  dodecaner  cooposed 
of  2  C3  (catalytic)  and  3  rj  (regulatory)  subunits.  Allo- 
stonc  regulation  depends  upon  transaisvioncf  signals  between 
active  sites  and  between  active  and  regulatory  sites.  The 
following  approaches  have  been  taken  towards  elucidating  the 
allosteric  aechan.sai.  (a)  Reaction  ind  differential  scanning 
oicrocalorioetry  have  been  used  to  define  the  therstodynaaics 
of  ligand  binding  and  assenbly.  Results  indicates  that  lin)p 
ed  proton  binding  »akes  a  taajor  contribution  to  the  cner- 
gotics  of  binding  substrates  and  nucleotide  effectors.  (b> 
The  discrete  charge  static  solvent  accessibility  nodel  of 
Curd  and  coworkers  has  been  used  to  characterize  lonizablo 
groups  perturbed  by  Intoraolecular  interactions  and  to 
evaluate  the  role  ot  elotuoataeic  effects  in  docking 
substrates  and  ussesbly.  Results  indicate  that  a  positive 
potential  energy  surface  surrounds  the  active  site  while  a 
negative  potential  energy  suiface  is  associated  with  V2»  (d) 
Classical  hydrogen  exchange  oxperieents  uhow  that  both 
assembly  and  ligand  binding  to  isolated  subunits  produce 
large  changer  in  solvent  accessibility.  Mediua  resolution 
methods  utilizing  HPLC  arc  being  used  to  identify  perturbed 
regions.  (0)  The  relationship  between  structure,  physical 
properties,  and  function  is  being  explored  with  single  site 
mutants.  Replacing  Tyr  16S  in  03  with  Pho  )tas  a  largo 
effect  on  the  allosteric  properties  of  c^r^. 
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SOLVENT  JJETWORXS  IN  NUCLEOTIDE  CRYSTALS 

P.L.  Howell  aiid  J.M.  Goodfcllow,  Departa-nt  of  Crystallog¬ 
raphy,  Birkbock  College,  »'-ict  Street,  London,  UK. 

Solvent  is  kncAm  to  play  an  important  role  in  the 
stability  and  transitions  of  nucleic  acid  helices.  He  arc 
using  cooputer  siaulation  techniques  to  study  the  energetics 
of  the  water  laoleeulc-nucleic  acid  interactions  and  the 
effect  of  counter-Ions  iu  nucleotide  crystal  hydrate 
czystals.  This  enables  detailed  ccopariscn;/  of  the  pred¬ 
icted  solvent  structures  to  be  ccoparcd  with  well* 
characterised  experiaental  data  froa  crystallographic 
studies.  Initial  studies  have  shown  that  the  force  fields, 
used  originally  to  study  aaino  acid  interactions,  can  be 
used  in  the  siaulAtlon  of  solvent  around  nucleotides  and 
that  the  cooperative  effects  are  iaportant  in  these 
interactions.  Further  studies  are  being  undertaken  to  show 
the  effect  of  aodifications  to  the  potential  energy  f'Lictions 
to  obtain  bettor  agroeeont  with  experiaent.  These  include 
the  explicit  use  of  solute  hydrogen  atccss  both  on  all 
relevant  'heavy*  atcas  and  attached  to  polar  groups  only. 
Results  on  the  inci^jsion  of  solvent  networks  with  (a) 
counter-ions  such  as  Na*  and  NH^  in  nue’eotides  a.id 
(b)  drugs  such  as  proflavln  in  tha  drnuc,.eotidc  dCpG  will 
also  be  presented. 
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CIRCULAR  DICHROISM  A.ND  FLUORESCENCE  STUDIES  OS  THE  METAL 
<Zn2+  AND  C.2+)  I.SDUCED  CONrOE.MATIO.SAl  ClIA-SCiS  IS  S-100 
PROTEINS  R.S,  ILni  and  C.M.  Kay,  MRC  Croup  in  Proceia  Struc¬ 
ture  and  Function,  Department  of  Biochcaistry,  University  of 
Alberta,  Edoonten,  Canada  T6C  2H7 

The  effect  of  Zn^'*'  binding  on  the  CD  spectra  of  brain 
specific  S-lOOa  and  S-lOOb  calciua  binding  proteins  hts  been 
examined.  In  the  presence  of  S-lOOa  undergoes  a  confer* 

tsational  change  and  the  decrease  in  ellipticity  at  222nQ.  is 
a  result  of  addition,  was  nearly  1300  deg.ca^.dool'’^, 
whereas  with  S-lOOb  there  was  no  significant  conforoational 
change.  '^2+  to  t>ind  to  S-IOO  proteins  in  the  pre¬ 

sence  of  Zn^^  and  the  two  cetal  ion  binding  sites  on  the  pro* 
tein  appear  to  bo  different.  and  induce  different 
environcrents  around  the  tyiosino  residues  in  S-lOOa.  whereas 
with  S-lOOb,  similar  changes  were  observed  using  either  metal 
Zn^^  has  a  pronounced  efiect  on  the  secondary  structure  and 
the  aromatic  environment  of  S-lOOa  but  with  S-lOOb  it  has 
only  a  subtle  effect  on  the  mlcrocnvircnocnt  of  the  aromatic 
groups.  The  suUhydryl  fluorophore  K-d-pyrenyDiodoacetaside 
was  used  to  study  the  possible  {nvolvesent  of  sulfhydryl 
groups  in  metal  binding.  Among  the  3  suUhydryl  groups  In 
$-100a  only  one  was  laWlled  in  O.IM  Trio,  loH  EDTA,  pU  7.S 
sedium.  When  the  protein  was  excited  at  346n«,  the  eeission 
maxicua  occurred  at  Tdlinn.  Addition  of  Ca^*^  caused  nearly  30Z 
quenching  in  fluorescence  intensity  at  38.>na.  Zn^^  addition 
resulted  in  an  increase  in  fluorescence  intensity,  sugA>.esting 
that  the  aicroenvlronaent  around  the  sulfhydryl  group  is  sen¬ 
sitive  CO  the  presence  of  these  aetal  ions.  (Supported  by  KBC 
of  Canada  and  AHfl®) 
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HYDRATION-RELATEO  CONFORMATION  AND  FLEXIBILITY  CHM1GES  AAE 
NECESSARY  FOR  LYSOZYME  ACTIVITY:  PhlUp  L.  Poole  and  John  L. 
Fifircy,  Crystallography  Oepartaent,  Birkbocic  College, 

KaleC  Street,  London. 

Dry  hen  egg  white  lysozyue  is  inactive.  Activity  begins  when 
water  Is  added  to  a  hydration  of  about  0-7  <1  water/g 
protein.  Using  direct  difference  IR,  Raaan,  and  NMR 
VO  have  investigated  tho  hydration  process  and  possible  con- 
foraatloMl  and  dynamical  changes  that  say  occur  as  water  ie 
slowly  added  to  tho  dried  protein.  The  direct  difference  IR 
allows  us  to  follow  the  hydration  of  some  specific  atoca 
groiq>s  (amides  I  and  21,  acidic  and  polar  side  chains).  The 
acidic  groups  hydrate  fast  at  low  hydration  while  tho  maxi- 
hydration  rates  of  the  polar  side  and  main  chain  grox^s 
occur  at  higher  hydrations  of  about  0.04-0.07  g/g.  IDIR  back 
exchange  results  s’iggest  a  “loosening  up"  of  the  molecule 
occurs  at  about  0.07-0,10  g/g,  at  which  hydration  tho  enzyme 
gains  sufficient  flexibility  for  burled  amide  hydrogens  to 
exchange.  A  small  hump  in  the  XR  feature  corresponding  to 
water  uptake  of  tho  aside  IZ  atom  group  is  also  seen  at  this 
hydration.  This  increased  (hydratlon-dep<ndcnt}  flexibility 
Is  argued  to  facilitate  subsequent  (possibly  small)  conform- 
at^ion  changes  dec><ctcd  by  our  Raman  Spectroscopy  results. 
>1^se  changes  are  all  complete  befo-e  tlie  onset  of  enzyme 
activity.  We  conclude  that  a  minimum  water  content  (less  thai^ 
monolayer  coverage)  is  a  necessary  “lubricant"  which 
'acklitates  molecular  flexibility.  This  flexibility  then 
permits  small  conformational  changes  which,  toijether  with 

«i«  flexibility  itself,  is  necessary  for  lysozyme  function. 

;ccnt  inelastic  neutron  scattering  Expts  are  consistent 
with  this  protein  'loosening  up*  model. 


Monday  30  July  Congress  Centre-first  floor.  Posters  1 63-1 68 

Posters  on  Folding,  Dynamics  and  Solvation  of  Macromolecules 


163 

COMPARIS(»J  OP  EXPEPlKSin-AL  X-RAY  DATA  WITH  COMPUTER 
SIMULATION  or  THE  DYNAMICS  FOR  LYSOZYME 

J.  Stockwell,  c.  Post,  P.J,  ArtyaluJc,  C.M.  Dobson,  M.Xarplus 
and  D.C.  Phillips,  Laboratory  of  Molecular  Biophysics, 
Departtaent  of  Zoology,  Oxford,  U.X. 

A  100  ps  Dolecular  dynaaies  siculation  on  hen  egg-white 
lysozyoc  (KEWL)  and  a  50  ps  sizulation  on  HEWL  plus  the 
substrate  hexa-N-acetyl  glucosaair.e  have  been  perforaed 
using  CUARMM,  on  the  forcer  SERC  CRAY  cos^ter.  The  results 
are  being  analysed  and  cospared  with  the  refined  tesperature 
factors  (B  values)  of  various  crystal  foras  of  HEWL.  Ihe 
correlation  coefficients  calculated  indicate  that  the  over¬ 
all  correlation,  between  cxperiaental  and  siaulation  ras 
displaceaents,  for  the  whole  aolecule  is  good  (correlation 
coeff.  ■  0.58  for  aaln  chain  atoas  o*  tetragonal  lysozyae) . 
The  B  factor  aaxias  in  the  'lips'  of  the  active  site  are 
reproduced  in  the  sinulation.  We  are  now  continuing  the 
analysis  with  reference  to  particular  regions  of  secondary 
structure  and  areas  of  contact  within  the  crystal. 
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Calculation  of  stability  limits  of  cold  labile 
proteins. 

P.  Franks.  Dept,  of  Botany,  Unlv.  of  Caabrldge,  Canbridge. 

The  stability  profile  of  globular  proteins  is  indicative 
of  two  Halting  teaperatures  between  which  the  native  state 
is  stable.  Heat  denaturaticn  Is  of  little  biological  signi¬ 
ficance  but  cold  inactivation  is  iapUoated  in  the  observed 
effects  of  chill  and  freezing  on  oany  living  organisas.  The 
low  teaperature  order/disorder  transition  is  also  of  theore¬ 
tical  interest.  At  any  given  pH,  ^G(T)  appears  to  have  a 
parabolic  shape,  'ilie  theraodynaaic  conditions  for  a  parabolic 
4C<T)  relationship  have  been  arailysed  in  teras  of  C^(T)  and 
C.(T),  where  C  is  the  heat  capacity  and  N  and  D  refer  to  the 
native  and  denatured  state  respectively.  Zn  particular,  two 
special  eases  have  been  considered:  1 )  is  Independent  of 
teaperature  and  2)  C..  is  independent  of  teaperature,  but 
Cj.<T)  »  C?  ♦  k(T/T‘)^*  where  T*  is  the  teaperature  corresp¬ 
onding  to^aaxinua  stability. 

The  results  have  been  applied  to  lysozyae,  the  only  protein 
for  which  separate  0^  and  data  are  available. 
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PROTEIN  DYNAMICS  STUDIED  BY  INELASTIC  NEUTRON 
SCATTERING(INS) • .  2  2  2 

S.Cus3c)c}j.Snlth)  ,U.PezzccaTQ.Brooks7H.Karplus, 
J.L.Finncy^  (i7Yll,Av.  dcs  Martyrs, Grenoble, Franca 
2;Dopt.Chcra,, Harvard  Univ., Oxford  St.  ,Canbrid'jo, 
Hass.,U.S.A.  3:Dopt.  Crystallography /Birkbcc); 
College, Malct  St. /London. U.K.) 

We  report  theoretical  and  cxpcrinicntal  wor)c 
on  INS  by  bovine  pancreatic  trypsin  inhibitor (BPTB 
which  allows  us  to  draw  detailed  conclusions 
concerning  the  Intraroolecular  laotions  involved  in 
protein  INS. 

1)  Theoretical  studies  using  the  results  of  a 
normal  mode  analysis  of  BPTI  show  that  alone-phonoi 
scattering  is  dominated  by  the  frequency  distribu¬ 
tion, g(w)/  of  the  protein.  b)g(wi  can  bo  obtained 
by  extrapolation  to  zero  momentum  transfer. cimult- 
iphonon  scattering  complicates  the  extraction  of 
g(w) .d) scattering  from  different  parts  of  the  pro¬ 
tein  varies  considerably. 

2)  Experimentally  obtained  INS  spectra  of  BPTI 
arc  analysed  In  order  to  extract  g(w),  evaluate 
the  effects  of  solvent  and  of  intramolecular 
anharmonicity  on  INS  spectra  and  assess  the  sensi¬ 
tivity  of  INS  spectra  to  coddling  differences 
within  the  harmonic  approximation. 
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THERMODYNAMIC  INVESTIGATIONS  OF  CYTOCHROME  be 
UNFOLDING 

V/.  Pfeil  and  P,  BeMclzfeo,  Central  Institute  of 
Moiecu lar  Biology,  Acad,  Sci,  GDR,  1115  Berlin, 
German  Democratic  Re{7ublic. 

CytocUrone  he  unfolding  was  investigated  by  scan¬ 
ning  microcalorimetty  in  order  to  get  insight 
into  the  molecular  organization  of  membrane  pro¬ 
teins.  Meltina  profiles  and  thevnodynamic  quanti¬ 
ties  of  (i)  tne  tryptic  and  the  ch^otryptxc 
fragment  Ires,  j-po  and  i-p7  resp.I,  fii)  the 
complete  protein  (res.  1-133)  in  the  presence 
and  in  the  absence  of  detergent,  (Hi)  the  pro¬ 
tein  incorporated  in  dimyristoyl  phosphatidyl¬ 
choline  (DMPC)  vesicles  are  compared. 

The  reswlts  how  (1)  similarity  between  the  pro¬ 
teolytic  fragments  and  small  alobular  proteins, 

(3)  differences  between  cytochrome  b^  in  aqueous 
solution  and  in  liposomes,  (3)  0  number  of  3S-4 
lipid  molecules  which  do  not  contribute  to  the 
phase  transition  heat  of  DMPC,  and  (4)  different 
influence  of  the  incorporated  cytochrome  be  on 
the  phase  transition  of  Mnilametlar  and  wntti- 
iameilar  DMPC  liposomes. 

The  thermodynamic  data  and  independent  findings 
are  suitable  for  detailing  a  model  proposed  by 
TANFORD  (iqBo)  for  the  SDatial  arrangement  of  the 
protein  within  the  lipid  layer. 
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pH  INDUCED  CHANGES  IN  TURTLE  MYOGLOBIN.  O.R,  Nasdmento*, 

M.  Tabak*  and  0.  Baffa**,  Institute  de  FTsica  e  Qumica  de 
Sao  Carlos,  USP,  Sao  Carlos,  SP,  Brazil*,  Faculdade  de  Filoso 
fia,  Ciencias  e  Letras  de  Ribeirao  Preto,  USP,  Ribeirao  Preto 
SP,  Brazil**: 

The  sea  turtle  myoglobin  “Dereochelis  Coriacea"  (KbT)  has 
one  cysteine  in  the  polipeptide  chain.  This  enables  the 
labelling  of  this  residue  with  a  reporter  group  like  a  spin 
label.  The  present  study  is  an  attempt  to  investigated  the 
functional  role  of  this  SH  group  which  is  not  generally 
present  in  other  n^oglobins.  In  tlie  studies  of  MbT  labelled 
with  a  maleinide  spin  label  we  observed  that  the  protein 
undergoes  a  precipitation  at  acid  pH  when  this  SH  group  is 
labelled  and  the  iron  is  in  the  low  spin  configuration  (CN- 
bounded  at  sixth  coordination  site).  The  same  behaviour  was 
observed  with  N>T-HpO  not  labelled  (with  the  unmodified  SH 
group).  On  the  other  hand  the  HbT-Oi  with  the  unblocked  $H 
group  do  not  show  this  precipitation. 

The  measurement  of  the  optical  absorption  at  700  no  of 
MbT-H«0  show  a  transition  from  the  soluble  to  the 
precipitated  form  at  pHsG.S.  This  phencmenon  is  reversible. 

This  study  is  presently  extended  to  other  ligands  using 
turbidity  and  small  angle  X-ray  scattering  (SAXS)  in  order  to 
understand  the  agreggation  mechanisms  defining  if  a  protein 
denaturation  occurs  or  if  a  polymerization  is  occuring  as  a 
function  of  pH. 


Supported  by  CNPq,  FAPESP  and  FINER. 
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PROTEIN  STRUCTURE  BY  FT-INFIURED  SPECTROSCOPY:  FOURIER 
SELF  DECONVOLUTION  AND  CURVE  FiniNC 

H.  Susl  and  D.  M.  Byler,  Eastern  Regional  Research  Center, 
USDA,  Philadelphia,  Pennsylvania  1911B  (USA) 

Infrared  spectroscopy  is  one  of  the  oldest  methods 
available  for  investigating  the  secondary  structure  of 
proteins  and  polypeptides.  The  first  results  were  published 
In  1930  by  Ambrose  and  Elliott  (Nature  4206,  921,  1950). 

Until  recently,  however,  the  technique  has  provided  merely 
qualitative  inforxutlon  because  absorption  bands  caused  by 
substructures  such  ns  tho  a-hcllx,  B-strands  and  turns, 
overlap  extensively  and  cannot  be  resolved  by  optical 
techniques.  The  advent  of  FT  infrared  spectroscopy  has  made 
It  possible  to  resolve  the  broad  bands  into  specific 
components  by  means  of  Fourier  self  deconvolution.  The 
Individual  components  can  be  assigned  to  specific  types  of 
secondary  structure  such  as  the  a-hellx,  B-strands  and 
turns.  The  areas  of  tho  resolved  components,  evaluated  with 
the  help  of  a  Caoss-Newton  iterative  process,  provide 
quantitative  information  regarding  the  prevalence  of 
different  secondary  structure  elements.  The  approach  appears 
to  be  quite  successful  for  applications  where  some  other 
physical  techniques  are  least  effective,  such  as  in  studies 
of  B-strands  and  B-tums.  Application  to  several  proteins, 
including  ribonuclcase,  concanavalin,  and  hemoglobin,  is 
dewnstrated. 
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STfiUCTUSE  AND  DWKICS  OF  AVIAN  PANCREATIC  POLYPEPTIDE: 

X-RAY  ANALYSIS  AT  0.968  RESOLUTION 

I.  D.  Glover,  B.  C.  BaObutt,  J.  E.  Pitts,  I.  J.  Tickle, 

S.  Vood  and  T.  L.  Blundell,  Departaent  of  C*7stallography 
Blrkbeck  College,  Malet  street,  London,  UK. 

Pancreatic  polypeptide  is  a  36  aaino  acid  horsone  syn¬ 
thesised  in  the  endocrine  pancreas.  The  solecule  has  a  wide 
range  of  physiological  activities  including  effects  on  ©jt 
Botlllty  and  gastrin-like  actions.  Kosologous  peptides  have 
been  isolated  frea  pig  intestine  and  brain  tissue.  X-ray 
analysis  of  avian  pancreatic  polypeptide  (aPP)  at  1.a£  has 
defined  a  globular  structure  comprising  a  polyproline  II- 
like  helix  (residues  1-8)  and  an  o-helix  (residues  K-32). 
These  helices  Interact  via  hydrophobic  contacts  to  produce  a 
ccepact  and  stable  tertiary  fold.  However,  the  C-terainal 
region  (residues  33-36)  displays  sose  flexibility  in  the 
crystal  lattice.  aPP  foras  syraetrlcal  diners  .aainly  throu^ 
hydrophobic  interactions,  and  In  the  crystals  aPP  dicers  are 
cross-linked  in  the  lattice  by  sine  ions.  Circular  dichro- 
isa  studies  show  that  the  hydrophobic  interactions  between 
helices  are  calntained  by  the  aonoeer  in  solution. 

We  have  recently  extended  the  resolution  of  the  X-ray 
analysis  to  0.98S.  This  ultra  high  resolution  allows  sys- 
tereatic  study  of  distortions  In  the  o-helix,  of  the  organi¬ 
sation  of  water  around  the  polypeptide,  and  the  location  of 
hydrogen  atoas.  These  results  have  been  correlated  with 
lnforcatl<«  obtained  frea  KHR  solution  studies  in  order  to 
characterise  further  the  dynasic  behaviour  of  aPP.  Pxcltoin- 
sry^rcsults  Arc  also  reoorted  froa  cryscallographlc  studies 
§lv^ne  tissue pancrcatxc  polypeptiae  isolated  Iroo 


SItkSLB  RESIDUE  WTAMTS  REVEAL  CKARACTERISTXCS  OF  A  FOLDING 
1NTERF.E0IATE  XH  0-LACTAKASE 

R.H.  Pain  and  S.  Craigi,  Dept.  Blocheaistry,  univ.  Newcastle 
upon  Tyne,  NEl  7RU,  UK. 

B-laetasase  frost  S. aureus  unfolds  reversibly  a.nd  shows 
A  stable  intermediate  state,  H.  Urea  9rAdienc  <gel  electro¬ 
phoresis  reveals  a  further  transient  state,  X,  which 
interconverts  rapidly  with  state  H  but  slowly  with  the  native 
state,  N.  ^^relghton,  T.E.  a  Pain,  R.H. (1980) J.Kol. Biol. 137, 
43i3  State  X  is  only  slightly  less  cospact  than  state  N. 

By  contrast,  two  mutant  B-lactasascs,  P2(Thr40  to  Xle)  and 
P54(Aspl48  to  Asn)  show  fast  refolding  fr<»  state  H  by  c.d. 
and  by  urea  gradient  gel  electrophoresis.  The  folded  statei 
of  these  mutants  show  closely  similar  secondary  structure  to 
the  wild  type  enzyme  but  less  order  in  the  tyrosine 
environment.  Like  the  wild  typo  enzyme  they  unfold 
reversibly  to  intermediate  states  indistinguishable  from 
state  H  which  in  turn  interconverts  rapidly  with  the  fully 
tmfoXded  state.  Differential  sedie>entation  shows  them  to 
be  slightly  more  expanded  than  the  wild  type  enzyme  although 
more  ccopact  than  state  H.  We  conclude  that  recovery  of 
the  active  native  state  in  the  mutants  is  blocked  at  a  state 
similar  to  X.  This  state  has  native-like  secondary 
structure  but  xs  not  quite  as  condensed  as  state  N.  This 
supports  a  folding  model  where  folding  units  containing 
nativo-like  secondary  structure  collapse  to  a  compact  pseudo 
globular  state,  which  then  reshuffles  to  exclude  remaining 
trapped  jolvent  and  to  gain  the  native  state. 
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E.NERCY  DIRECTED  FORMATION  OF  STRUCTURAL  FEATURES  OF  FIBROUS 
AND  GLOBULAR  PROTEINS.  H.A.  Schcraga.  Baker  Laboratory  of 
Chemistry,  Cornell  University,  Ithaca,  New  York,  U.S.A. 

The  formation  of  the  structural  features  of  folded  fi¬ 
brous  and  globular  proteins  by  energy  ainimization  is  illus¬ 
trated.  and  the  computed  results  are  verified  by  expertmen- 
cal  tests.  Thus,  the  interactions  leading  to  the  screw 
sense  (handedness  of  twist)  of  a-hclices  and  S-shcets  have 
been  identified.  The  interactions  leading  to  the  observed 
(low-energy)  packing  taodes  of  assemblies  of  a-helices.  In 
homopolymers,  copolymers,  collagen-like  poly(cripeptides), 
and  a  three-helical  portion  of  ayoglobln.  have  also  been 
identified.  Work  is  in  progress  to  obtain  alnisua-energy 
structures  of:  asseablies  of  a-helices  In  bacterial  rhodop- 
sin,  and  packing  of  o-hellces  against  6-shcets,  of  B-sheets 
against  B-sheets,  and  of  B-a>B  structures.  A  molecular 
treatment  of  the  helix^ll  transition  and  a  statistical 
mechanical  treatment  of  the  B-sbset'*coll  transition  have 
been  developed  and  applied  to  experimental  data.  Finally, 
the  combination  of  a  build-up  procedure,  distance  con* 
stralnts,  and  energy  alntaization  is  leading  to  native 
structures  of  open-chain  and  cyclic  oligopeptides,  and  fi¬ 
brous  and  globular  protein. 
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DYNAMICS  OF  BOVINE  ^TRYPSIN;BPTI  ASSOCIATION. 

NON-EQUIVALENCE  OF  PROFUVINE  AND  BENZAMIDINE  BINDING  SITES 
AT  THE  ENZYJ^  ACTIVE  CENTE|.  , 

E.  Mcnogatti  ^  M,  Cuarncri  ,  M.  Bolognesi^,  P.  Ascenzr  and 
G.  Amiconi^;  Inst,  of  Pharmaceutical  Chemistry,  Univ.  of 
Ferrara;  ^Inst.  of  Crystallography.  Univ.  of  Pavia;  ®ln$t.  of 
Chemistry,  Univ.  of  Rome  "La  Sapienza";  Italy. 

Iho  reaction  of  bovine  ^-trypsin  ('ryp#!r.>  with  the  bovin., 
basic  pancreatic  trypsin  inhibitor  (BP***/  is  a  multistage  pro* 
cess.  In  fact,  the  apparent  rates  of  th«  adduct  formation  de¬ 
termined  by  proflavine  displacement  are  higher  than  those 
measured  by  the  intrinsic  optical  dinsi'.y  changes  in  the  uv 
region  and  the  latter  are  greater  tiian  those  resulted  by  both 
benzaaidine  displacement  and  the  loss  •m*  the  enzymatic  activi>* 
ty,  which  aro  identical.  In  spite  of  the  competitive  inhibi¬ 
tion  of  trypsin  by  both  benzaaidine  and  proflavine,  the  two 
spcctrosccpie  probes  show  very  different  displacement  rates 
and  mcchanisas  of  interaction.  In  particular,  BPTI  binding  to 
the  enzyme  involves  a  ternary  profl3vine:crypsin:BPTI  tran¬ 
sient,  while,  on  tho  contrary,  benzaaidine  displacement  may 
be  treated  as  a  siapte  competition  event.  As  a  whole,  the  ex¬ 
perimental  evidence  suggests  that  the  two  probes  bind  at  non- 
-coincident  regions  of  the  trypsin  active  center:  benzaaidine 
occupies  the  enzyme  specificity  pocket,  while  proflavine,  not 
attracted  by  the  negatively  charged  Aspl89,  interacts  possi¬ 
bly  with  a  subsite  close  to  the  catalytic  triad  of  the  enzyme 
(as  suggested  by  its  competitive  inhibition).  The  realizatior 
that  proflavine  and  benzaaidine  look  at  different  aspects  of 
the  adduct  fomarion  iaprovea  the  prospects  of  underscaading 
of  this  nultistage  process  by  resolving  it  in  discrete  steps. 
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THE  EFFECT  OF  SUBSTITUTION  OF  EVOLUTIONARILY  INVARIANT  RESI¬ 
DUES  OF  CYTOCHROME  c  ON  ENTHALPY-ENTROFY  COMPENSATION  IN 
FOLDING.  E.  Pocrlo.  H.  Tanluchl  and  M.  Juillerat,  NIH, 
Bethesda,  HD  USA  and  Univ.  of  Geneva,  Geneva,  Switzerland 
Using  a  biologically  active  three-fragment  complex  system 
of  horse  cytochroiae  c  containing  he:^  fragment  residues  1  to 
25  (i-25)H  and  apofragnents  (28-38)  and  (39-104),  it  has  been 
found  that  replacement  of  invariant  Leu  32  with  lie,  Nva,  Val 
or  Phe  profoundly  affects  the  binding  force  while  substitu¬ 
tion  of  variant  Leu  35  with  lie  has  no  significant  effect 
{Juillerat  and  Tanluchl,  (1983)  Abstracts,  15th  FEBS  Meeting, 
Brussels,  p.  214).  In  the  present  studies  invariant  Fro  30 
of  fragment  (28-38)  was  replaced  with  glycine  and  Invariant 
Oly  34  with  serine  or  alanine  by  chemical  synthesis.  The 
thermodynaalc  values  for  dissociation  from  the  complex  of  the 
previous  and  the  present  analogs  were  determined  using  equi¬ 
librium  dialysis  or  reduction  of  the  complex  with  ascorbate 
and  van'c  Hoff  plots.  The  results  have  indicated  a)  the  en¬ 
thalpy-entropy  compensation  In  dissociation  of  (28-38)  or  the 
analogs  Is  similar  between  the  ferric  and  the  ferrous  com¬ 
plex,  b)  the  degree  of  this  enihalpy-entropy  compensation 
dramatically  decreases  in  replacement  of  invariant  Pro  30, 

Leu  32  and  Cly  34  while  the  effect  of  replacement  of  variant 
Leu  35  with  He  is  small,  c)  the  balance  of  the  enthalpv- 
sntropy  compensation  also  decreases  the  magnitude  of  AC^  In 
substitution  of  the  invariant  residues  but  keeps  it  essen¬ 
tially  constant  in  replacement  of  variant  leu  35  with  He. 
Further  investigation  suggests  that  substitution  of  the  in¬ 
variant  residue  would  also  influence  thermodynanlcs  of  liga¬ 
tion  of  methionine  80  to  the  hemo  iron  in  the  complex. 
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THERMAL  ANALYSIS  OF  X-IRRADIATED  DNA  AND  OTHER  UACROMOLECULES 
C.L.  Crocnstock.  Hodlcal  Blophysica  Branch,  Atomic  Energy  of 
Canada  Limited,  Pinawa,  Manitoba,  Canada  ROE  ILO. 

Alterations  in  tho  structure  and  confomationai  integrity 
of  DNA,  phospholipida  and  other  aacroaoXoculos  in  aqueous 
solution,  arising  from  undetected  chemical  ehangea  folloving 
Irradiation,  are  being  measured  using  thermal  analysis. 

These  conformational  changes  also  alter  the  thermal  sensi¬ 
tivity  of  irradiated  macroaolouulea.  The  thermal  denatura- 
tiOD  of  DNA  and  other  macromolecuXes  is  being  studied  by 
absorbance  spectroscopy,  differential  scanning  calorimetry 
and  melting  point  analysis.  The  unwinding  or  *tteltiQg'' 
temperature  for  the  thermal  donaturation  of  DNA  irradiated 
in  aqueous  solution,  ss  monitored  spoctrophotometrlcally 
using  the  hyporchromlc  effect,  shows  a  linear  decrease  with 
dose  of  ^  0.it>C.Cy.  The  stabtilzior  conditions  of  high-salt 
protect  DNA  against  both  radiation-induced  and  thermal 
denaturatlon. 

Changes  In  tbo  melting  point  of  macromolecules  following 
irradiation  also  reflect  their  atructural  integrity  and 
conformational  changes.  Phospholipids  and  nucleic  acids 
have  higher  pelting  points  after  irradiation,  possibly 
because  of  free-radical  induced  cross-linking.  Phospholipids 
with  saturated  and  unsaturated  fatty  acids,  exhibit  a  two- 
component  molting  point  profile,  the  iower-temporature 
transition  being  the  most  radiosensitive.  DNA  extracted  from 
aqueous  solution  irradiated  at  a  concentration  of  10.)g/nl 
shows  a  lO^C  increase  in  melting  point  after  a  dose  of  30Gy< 
This  type  of  structural  alteration  has  a  higher  radlosensiti- 
vtty  than  base  damage,  strand  breaks  or  other  cbemical  changv 
measured  bv  conventional  analytical  t#chntauea. 
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KERCURIAL-PROMOTED  RELEASE  FROM  E.  COLI  ASPARTATE 
TRANSCARBAMOYLASE,  A.  Ginsburg,  S.H.  Neece,  H.K.  Schichsan» 
«nd  J>B.  Hunt»  Nat.  Heart.  Lung  &  Blood  Inst..  Nat.  Inst. 
Health,  Bethesda,  HO.  U.S.A. 

The  release  o£  froa  aspartate  transcarbaooylase 
(ATCase;  egrg)  upon  challenge  by  p-hydroxyaercurlphenylaul- 
fonatc  (P.MPS)  has  been  studied  using  the  sensitive,  high- 
affinity  eetallochroalc  indicator  4-(2-pyrldylazo)resorclnol 
at  pH  7.0.  ^’hen  the  **SH  group  of  each  c  chain  is  protected. 
1  Zn^'^  is  released  for  every  4  eq  of  PKPS  added  to  ATCase 
during  titration  of  the  24  -SH  groups  of  r  chains.  More¬ 
over  the  release  of  Zn^'^  is  a  linear  function  of  PMPS  added, 
indicating  that  the  rate-lisitlng  step  in  Zn^^  release  is 
oercurial  attach  on  the  first  of  the  4  -SH  groups  bonded 
tetrahedrally  to  Zn^*^  near  c:r  contacts.  Dissociation  of 
ATCase  is  linked  to  Zn^*  release  and  oercaptide  bond  forea- 
tlon;  e.g..  upon  addition  of  4  eq  of  PKPS  in  the  absence  of 
phosphate.  l/6th  of  ATCase  is  dissociated  to  C3  and  r2  sub¬ 
units  at  ~  83Z  of  the  rate  of  Zn^*  release.  Up  to  4  eq  of 
PMPS/ATCase,  the  release  of  Zn2+  is  first-order  in  (PHPSl 
and  is  virtually  independent  of  {ATCase)  with  an  activation 
energy  (Ea)  of  75  kJ/eol.  At  large  excesses  of  PKPS, 
stopped-flow  traces  show  a  lag  period  followed  by  pseudo- 
first-order  release  of  Zn2+  fron  ATCase  and  the  reaction 
order  in  {PMPS)  <■  ~  1.3.  Under  these  conditions.  PKPS  has  a 
chnotropic  effect  on  ATCase  and  E^  is  lover.  A  participa¬ 
tion  of  nonthiol  protein  groups  of  ATCase  in  eercurial 
binding  is  suggested  by  kinetic  data.  Furtheroore, 
eercurlal-pronoted  Zn^^  release  is  >  3000-fold  faster  froa 
rj  subunits  than  froo  ATCase. 
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IMINO-  AND  AMINO-PROTON  EXCHANGE  WITH  ’h.O; 
QUANTITATIVE  ANALYSIS  OF  2D-EXCHANCE  NMIT  SPECTRA 
OF  ONA  FRAGMENTS  IN  'H.O 

R.M.  Scheek,  R,  Boelcns,  M.  Koning,  K.  Oijkstra  and 
RT'Kaptein^Oepartment  of  Physical  Chemistry.  University  of 
Groningen,  The  Netherlands 

Two'dimcnslonal  exchange  NMR  spectroscopy  at  360  MHz 
was  used  to  study  the  imino*  and  amlno^protons  of  small  ONA 
fragments  In  IH-O.  The  experiment  consists  of  two  non- 
selective  90^  rf  pulses,  separated  by  the  variable  time  t^  and 
followed  by  a  short  (S  ms)  homogeneity-spoil  pulse  at  the 
beginning  of  the  mixing  period  t  (15-50  ms).  For  detection 
a  selective  pulse  sequence  was  used  to  suppress  the 

large  Hl.O  signal.  NOE  cross  peaks  involving  Imlno-  and 
amino-protons  provide  a  systematic  way  to  obtain  the  reso¬ 
nance  assignments  of  these  protons.  Their  rates  of  exchange 
with  were  determined  by  measuring  the  initial  bulId-up 
rates  orthc  corresponding  exchange  cross  peaks  at  the  Ui.O 
freaucncy.  Activation  energies  were  estimated  for  AT  and^ 
CC  tmlno-proton  exchange  with  in  a  8  bp  ONA  fragment. 
The  meth^  compares  favourably  with  those  based  on  relaxa¬ 
tion  time  measurements.  The  effect  of  lac-repressor  head¬ 
piece  binding  on  the  Imlno-proton  exchange  In  a  14  bp  lac 
operator  fragment  was  studied  by  this  technique. 


TVO  DIUESSIONAL  FtHJRIER  TRAS'SFORU  NUCLEAR  MAGNETIC  RESONANCE 

STUDIES  OF  RIbOSOMAL  PROTEIN  E-L30. 

r.J.M.  van  de  Ven,  S.H.  do  Bruin  and  C.lf,  Hilbors, 

DepartBont  of  Biophysical  Chcalstry,  University  of  N’ljsegeo, 
Tocraooivfrld.  6S2S  ED  Nljcegco,  Tho  Netherlands. 

2D-FT  NMR  aethods  have  been  used  to  investigate  the 
structure  in  solution  of  ribososal  protein  L30  Isolated  froa 
E.coll  MRE  EDO.  The  resonances  of  protons  of  glycines, 
serines,  alanines,  valines,  isoleueincs,  threonines, 
histidines,  phenylalanine  S2  and  asparagine  48  could  be 
identified  using  Correlated  Spectroscopy  (COSY),  Nuclear 
Overhauser  Enhanceaent  Spectroscopy  (NOESY),  J-resolved 
spectroscopy.  Relayed  Coherence  transfer  and  Double  Quantua 
Spectroscopy.  Making  use  of  Nuclear  Overhauser  Effects 
occurring  between  resonances  of  peptide-boed  aaidc  protons 
and  protons  of  residues  preceding  and/or  following  the 
peptide-bond  it  was  possible  to  determine  nearest  neighbour 
relationships  between  aalno  acid  residues.  By  coaparing  these 
aoighbour-pslrs  with  the  known  aalno  acid  sequence  of  the 
protein  sequential  resonance  assignaents  becaae  available  for 
oany  residues.  Furtheraore  the  occurrence  of  a-heluces  and  6- 
sheets  in  tho  aoleculo  could  be  established.  Finally,  SOESY 
spectra  were  searched  for  cross-peaks  Indicating  interresidue 
In-eractions.  Several  interactions  were  found  between 
residues  which  were  far  apart  in  the  sequence;  these  allowed 
the  elucidation  of  eleaents  of  tho  tertiary  structure  of  the 
protein.  Especially  antiparallel  B-strands  gave  rise  to 
several  outstanding  spectral  features. 
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QUANTITATIVE  ANALYSIS  OF  THE  NUCLEAR  OVERHAUSER 
EFFECT  IN  BIOLOGICAL  MACROMOLECULES  BY  2D  *H-NMR 
R.  Bolens.  R.M.  Scheck  and  R.  Kaptein,  Laboratory  for 
Rhysicai  Chemistry,  University  of  Groningen,  Nijenborgh  16, 
$747  AG  Groningen,  The  Netherlands 

One  of  the  most  useful  parameters  for  structure  analysts 
of  biological  macromolecuies  by  NMR  is  the  proton-proton  NOE 
effect.  In  2D-N0E  spectra  separate  cross  peaks  can  be  as¬ 
signed  to  distinct  pairs  of  protons.  30-integrdtion  of  the 
pure-absorption  cross  peaks  In  intcrlevel  experiments  with 
different  mixing  times  t  gives  the  initial  build-up  rate  of  the 
NOE  intensity  for  a  lar^  number  of  proton  pairs.  For  large 
rigid  molecules  this  rate  is  directly  related  to  the  distance 
r.j  between  these  protons:  k,.  *  constant/{r.  )®.  The  constant 
(depending  on  the  rotation  correlation  time  of  the  molecule)  is 
calibrated  by  measuring  cross  peaks  of  protons  with  fixed 
distances.  If  protons  are  coupled  by  a  through-bond-exchan- 
ge  interaction,  zero  quantum  coherences  can  be  separated 
from  the  NOE  cross  peaks  by  incrementing  the  mixing  time  as 
proposed  by  Macura  et  a).  (J.  Mag.  Res.  4$  (1982)  269).  The 
method  was  applied  to  small  7-14  bp  DNA  fragments  and  initial 
rates  were  estimated  with  mixing  times  <  100  ms.  The  fixed 
cytidine  H5-H$  distance  of  0.24  nm  was  used  as  calibration 
and  found  to  be  constant  within  0.005  nm  for  cytidmes  at 
different  positions  m  the  fragments,  Indicating  their  rigidity. 
Distances  between  a  large  number  of  proton  pairs  (Intra-  and 
internucleotldc)  indicate  that  the  fragments  arc  mainly  in  a 
B-ONA  conformation.  Accurate  distances  were  obtained  only 
<  —  0.3  nm,  while  at  greater  distances  second  order  NOE's 
contributed  considcrablv. 
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hYDfiOCCS  ISOTOPE  tXCmSCt  AT  PfiOIClV  S'lRfACES 
E.Tuchsen  and  C.K. Woodward,  Univ.  of  Minnesota,  Oept,  of 
Biocheffl.,  1479  Corlncr  Ave.,  St.  Paul,  M\5S1O0,  U.S.A, 

Recently,  proton  exchange  (UX>  kincttcs  at  varying  pU 
were  oea'iured  for  25  assigned  peptide  COSH  groups  at  the  «o- 
lecular  surface  of  CPU,  In  disagreoiscnt  with  tradition<il  IIX 
theory  which  predicts  equal  structural  shielding  for  ocid 
and  base  catalysed  MX,  it  was  found  lh«il  while  base  cataly¬ 
zed  HX  is  correlated  with  accessibility  to  water  of  the  Ml, 
acid  catalyzed  HX  it  rather  correlated  with  accessibility  of 
the  carbonyl  0.  for  many  of  Uu?  25  COMl's,  Ml  is  exposed  to 
water  and  Uie  carbonyl  0  in  buried.  Conscgueotly,  lor  tht‘se 
acid  calal.  '  d  HX  is  relatively  ewre  shielded  than  base 
catalyzed  MX  resulting  in  rate  csioima  at  lower  pH  (occasion- 
ally  Mian  for  fully  solvated  model  coi^unds 

(pH^  =5);  These  findings  -suggest  a  chemical  toechanism  for 
the  acid  catalyzed  HX  tlwt  involve'^  a  rate  limiting  c.irl>enyl 
0  protoration  step. 

The  present  experiments  are  alined  at  identifying  COM! 
groups  Kith  pli^  >5.  Resonances  for  ttiese  arc  resolved  in 
^00  Wz  PHR  spe^HVa  of  Bf  TI  sanv'Ies  prepared  by  a  selective 
H  labeling  proce^^re.  Ra*es  of  HX  ore  ioea.,ured  in  O2O  at 
25”  (peak  intensity  vs,  time).  In  general,  siople  first  or¬ 
der  catalysis  by  0  and  U)'  is  observed.  The  pH  are  as 
high  as  4,4  (for  lyst5-COVH.AlaT6),  a  pri^ipy  aside 

proti^  (in  tho  Asn43  »>ide  chain)  fws  for  all  pep* 

tide  COMI's  with  hii^i  earbonyi*B  is  exposed  to  wa¬ 

ter  and  Ml  is  buried.  Ttu  *e  data  *-trongly  support  an  O-pfo- 
tonalion  »echanism. 
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ANHAW^NI^IIY  AkD  PROTEIK  REFIREK^HT 
J.KurWan  .“.*'drplus**>R.«4Levv*  and  G.A.Petsko*, 

Oepartcents  of  Cheinistiy,  Massachusetts  Inst,  of  Technology* 
Jaabridg'^,  KA02139t*Harvard  Universtty,  Cacbrldge  f*A02l38, 
^Rutgers  University.  New  Brunswick  NJ08503,  U.S.A 

Molecular  Dynanics  (M.D.)  sirulations  are  to  study 
the  effects  of  anhanronicity  and  anisotropy  of  the  atomic 
iynaalcs  on  crystallographic  protein  refinerent.  Tire- 
ivcraged  X-Rav  diffraction  intensities,  calculated  from  M.D. 
linulations  of  ryoglobin.  are  input  to  a  least-squares,  recip 
cocal-space  refinersent  program,  RROLSQ  (Konnert  6  HehdrlcLsot^ 
The  resulting  structure  and  temperature- factors  are  compared 
with  those  calculated  directly  fron  the  sirculation  and  the 
sources  of  error  arc  analysed.  The  model  used  to  calculate 
intensities  neglects  correlations  in  the  dynanics  and  hence 
:he  diffracted  Intensity  is  given  by  the  square  of  the 
fourier  transfom  of  the  tire-o  aged  electron  density  in  a 
unit  cell.  Ke  find  that  many  atoes  have  nultiple  peaks 
in  their  probability  distribution  fimctions  and  these  atons 
have  errors  on  the  order  of  30-80S  in  the  refined  tecperatire 
factors  and  0. 5-2.0  A  in  their  refined  positions. This  is  due 
to  the  refinerent  Htting  one  or  two  of  the  peaks  in  the 
distribution  and  neglecting  the  rest.  For  many  of  the 
midues  that  exhibit  this  sort  of  behaviour  the  use  of 
stereocheoical  restraints  is  inconsistent  with  the  average 
dynanics  structure.  Finally,  we  have  examined  experit.ental 
dlfference-founer  raps  for  pyoglobin  at  S)0K  and  80K  and 
find  evidence  for  many  of  the  alternate  side-chain  conforma¬ 
tions  predicted  by  the  simulations. 
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STU0(  OF  IHE  INFLUENCE  OF  pH  ON  THE  PAPAIN-KINETICS. 
T.Sasraito,  J.Oeoeester  and  A.Lauwers  ,  State  University  of 
Gent,  laboratoriwa  voor  AlQesene  Biochcaie  en  Fysiscne  farma- 
cacie  ,  Kolterslaan  16  ,  6*9000  Gent  ,  Belgiua. 

The  influence  of  UiBethylsuUoxide  (DHSO)  on  the  papain 
catalysed  hydrolysis  of  the  soall  synthetic  substrate  Not* 
Benzoylarginine-p-nitroanilide  (BAPA)  has  been  investigated. 
6APA  has  two  stereoisofseric  fonss  {0  and  L).  Its  solubility 
is  greatly  enhanced  by  adding  OMSO  ,  a  solvent  with  only 
soall  infUiPnces  on  dielectric  constant  of  the  solutions. 

Sy  the  kinetics  irvesligations*  it  could  be  shown  that  die 
hydrolysis  of  the  substrate  L-BAPA  by  papain  is  coopetitively 
inhibited  by  0*BAPA  and  non-cor^petitively  by  CMSO  and  that 
both  inhibitors  act  independently.  KiSO  also  effects  the 
ionizations  of  the  aoino  acids  in  the  active  site  of  papain. 
Indeed,  from  the  pH  Influences  on  the  reaction  rates  could 
be  concluded  that  the  effect  of  OMSO  is  strongly  dependent 
on  the  state  of  papain,  i.e.  if  die  enzyme  is  bound  or  not 
bound  to  the  L-3APA-f!iolecole.The  following  empirical  equa¬ 
tions  were  optimised  for  the  pH  optima  for  the  free  enzyme 
and  the  enzyme-substrate  complex  respectively: 
pH^pt  i  *  P”opt,ES  *  *  0.280(D»:0) 

At  the  cotaaon  intersection  point,  (0HS0)w  1.25H  and  pH  «  7.58, 
pH  optimum  will  not  be  changed  by  variations  in  substrate  and 
CMSO  concentrations. 


ESTIMATION  OF  EFFECTIVE  IST£«l-RESIDUE  CONTACT  ENERGIES  FROM 
PROTEIN  CRYSTAU  STRUCTURES 

Santo  Mlyaxawa  and  Robert  L.  Jernlgan.  Building  10,  Rooa 
48-56,  Laboratory  of  Kachc&atlcal  Biology,  DCBD,  NCI, 
National  Institutes  of  Health,  Bethesda.  IS)  20205  USA 

Effective  inter-residue  contact  energies  for  proteins 
in  solution  arc  cstlnated  frosa  the  nuabers  of 
residue-residue  contacts  obser/ed  in  crystal  structures  of 
globular  proteins.  Eaploying  a  lattice  nodcl,  each  residue 
of  a  protein  is  assuaed  to  occupy  a  sice  in  a  lattice,  and 
vacant  sites  arc  .regarded  to  be  occupied  by  an  effective 
solvent  Bolecule  whose  size  is  equal  to  the  average  size  of 
a  residue.  A  llalc  to  the  size  of  the  systea  In  teras  of 
the  nunber  of  lattice  sites  or  the  nuaber  of  effective 
solvent  Boleculcs,  1$  laposcd,  and  the  systea  is  regarded  as 
the  cixture  of  unconnected  residues  and  effective  solvent 
aolecules.  The  quesl-chealcal  approxleation,  that  contact 
pair  foreation  reseablcs  a  chemical  reaction,  is  applied  to 
this  systea  to  relate  the  statistical  averages  of  the 
nuabers  of  contacts  to  the  contact  energies.  The  estlaated 
values  of  contact  energies  have  reasonable  residue-type 
dependences,  reflecting  residue  distributions  in  protein 
crystals;  non-polar-reslduc-in  and  polar-rcsldue-out  are 
seen  as  well  as  the  segregation  of  thos^  residue  groups.  In 
addition,  there  1$  a  linear  relationship  between  the  average 
contact  energies  for  non-polar  residues  and  their 
hydrophobicities  reported  by  Kozaki  end  Tanford. 
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ELECTROSTATIC  EFFECTS  OR  HTDROOER  EXCHARGE  IR  PROTEIRS. 

H.  Dclepicrre  ,  C.H.  Dobson  ,  H.  Ksrplus  »  F.H.  Poulsen  , 

S.J.  States  and  R.E.  Vedin  . 

Departfsent  oa'  Cbpalsiry.  Harvard  University, 

Ca&brldge.  Mass.  USA. 

Inorganic  Cheolstry  laboratory,  Oxford  University, 

Oxford,  England. 

Tne  as5lgr.sents  of  &any  aaldes  and  tryptophan  hydrogens 
In  the  proton  h'MR  speetrus  of  lysozysc  have  been  cade.  Ualng 
these,  the  rate  of  exchange  of  the  Individual  hydrogen  have 
been  deteralned  under  a  variety  of  conditions.  The  results 
desonstrate  that  the  pH  curve  for  eaen  hydrogen  Is  unique 
and  Is  different  fron  the  pH  curve  for  siaple  co^ounds. 

Under  certain  conditions  ar.d  particularly  for  the  core 
exposed  hydrogens  the  pH  dependences  correlate  well  with 
calculations  involving  electrostatic  effects.  This  ispllcs 
that  the  exchange  takes  place  froa  a  state  of  the  protein 
closely  siallar  to  that  of  the  native  protein  and  that  local 
flue' jatlons  provide  the  cechanlsa  for  exchange.  That  the 
behaviour  under  other  conditions  cannot  be  correlated  with 
the  electrostatic  consideration,  is  interpreted  to  be  a 
consequence  of  exchange  taking  place  under  these  conditions 
froa  a  state  of  the  protein  different  froa  the  native  state. 

The  observation  that  local  electrostatic  effects  can  lead  to 
unique  pH  dependencies  for  hydrogen  excliange  rates  suggest 
that  hydrogen  exchange  studies  nay  increase  the 
understanding  of  electrostatic  Interaction  In  proteins,  a 
subject  of  direct  relevance  to  protein  stability  and  enzyae 
catalysis. 
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A  NUMERICAL  METHOD  fOR  STUOTING  PROTEIN  ELECTROSTATICS 
0.  Warwteker.  Oepartfsent  of  Slochenistry,  Bristol 
University,  Brist''!,  UK. 

A  review  has  been  tnade  of  the  methods  available  for 
calculating  electrostatic  interactions  in  solutions  of 
bio-nolecules.  The  continuum  electrostatic  problem  with 
irregular  boundaries  has  been  solved,  using  the  method  of 
Finite  Differences,  This  numerical  solution  technique  has 
been  applied  to  the  a-helix  dipole  charge  arrays  of  several 
enayoes  of  alternating  o/R  structure.  It  was  found  that 
large  positive  potentials  from  the  helix  dipoles  exist  in 
the  active  site  deft  regions,  where  negatively  charged 
substrates  are  bound. 

The  continuum  electrostatic  method  has  been  extended 
to  include  regions  of  solvent  that  saturate  in  the  high 
electric  fields  adjacent  to  the  polar  side-chain  charges 
of  a  protein,  thus  giving  dielectric  values  less  than  bulk. 
In  addition,  counter-ion  concentrations  responding  to  the 
Boltzmann  occupation  factor  at  high  electric  potential, 
rather  than  the  linearised  Oebye-Huckel  term,  are  accounted 
for.  Calculations  have  been  performed  on  the  full  helix 
dipole,  polar  side-chain  charge  array  of  the  glycolytic 
enzyme  phosphoglycerate  mulase,  for  a  number  of  different 
solvent/counter-ion  models.  A  positive  potential  field, 
of  significant  size  with  respect  to  kT/e,  is  found  in  the 
enzyme  active  site  deft  for  all  of  these  calculations. 

It  is  suggested  that  the  long-rarge  attractive  field  between 
enzyme  and  substrate  counter-acts  desolvation  forces. 
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MODELING  THE  KACNETIC  CIRCULAR  DICHROISM  OF  LOW  SYMMETRY 
CUPRIC  SITES  S.S.  Cerscaan  and  A.S.  Brill,  Dope,  of  Physics, 
Unlv.  of  Virginia,  Charloctcsvllle.  Virginia,  U.S.A. 

t«*c  describe  the  use  of  hybrid  acozalc  orbital  models  of 
Che  cupric  Ion  in  low  syzusecry  sices  for  cho  calculation  of 
HCO  spcccra.  This  sleplc  nodcl  was  originally  used  co  ex¬ 
plain  ocher  spectroscopic  data  froa  (cupric)  blue  proteins. 
TWO  fold  spin  degeneracy  of  che  ground  state  and  spln-orblc 
atxing  of  excited  elcccronic  states  produce  C-ccros  that 
dosinate  the  MCD  spectra  below  lOOK.  Such  effects  have  been 
observed  cxperieentally  in  a  blue  copper  protein  and  In  cy- 
tochrose  oxidase  (C.  Greenwood,  B.  Hill,  D.  Barber,  D. 
Egllnton,  A.  Thomson,  Biochea.  J.,  215,  29d3). 

Excited  state  energies  not  only  detcnainc  the  position¬ 
ing  of  MCD  bands  but  also  influence  strengths.  If  spin- 
orbit  coupling  of  excited  states  with  the  ground  state  1$ 
neglected,  the  sua  of  C-valucs  over  all  transitions  is  zero. 
With  che  assuspeion  that  vibrational  Intensities  for  each 
transition  arc  equal,  C-valucs  summing  co  zero  would  result 
in  MCD  spectra  that  are  nearly  balanced  with  respect  to  che 
baseline.  In  contrast  to  experiaental  data.  However,  when 
adaixlng  of  the  ground  state  with  excited  states  by  spin- 
orbit  coupling  Is  included,  che  sua  of  C-value$  is  no  longer 
zero  and  MCD  spectra  becooe  itabalanced.  Ve  report  ^.n  the 
foraulaclon  of  tnesc  effects  and  on  factors  laporcant  to 
the  ii^alanc^ng.  Spectra,  siaulaced  with  paraseters  of  che 
taodel  consistent  with  other  data  (absorption,  CD,  EPR),  are 
presented  that  are  in  good  qualitative  agreesenc  with  exper- 
iaencal  MCD  data. 
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CALCUUTIONS  of  chances  in  redox  POIENTULS;  CYTOCHROME  C551 
K.K.  Rogers,  C.R.  Moore  and  M.J.E.  Sternberg,  Laboratory  of 
Molecular  Biophysics,  Departneat  of  Zoology,  South  Parks 
Road,  Oxford  and  Inorganic  Chenlstry  Laboratory,  South  Parks 
Road,  Oxford. 

An.  equal  mixture  of  oxidised  and  reduced  CytochroDc  C551 
experiences  >  change  in  the  potential  of  the  Haem  iron,  when 
one  of  the  propionates  attached  to  the  haen  1$  ionised. 
This  process  has  been  followed  by  Moore  (19$5)  and  the 
change  is  6$dV,  which  corresponds  to  an  effective  di«‘)ectrlc 
between  che  propionate  and  the  Iron  of  27.  It  has  been 
possible  CO  use  the  algorithm  of  Varvleker  and  Watson  (1952) 
to  calculate  the  change  in  the  potential  at  the  haem  iron 
arising  from  the  change  In  ionisation  of  the  propionate. 
This  gives  the  extra  work  required  to  oxidise  or  reduce  the 
Jron.  Argenlne  47  Is  in  very  close  contact  with  the  prop¬ 
ionate  and  Is  implicated  In  the  ionisation  mechanism.  The 
effective  dielectric  that  ve  calculate  between  the  prop¬ 
ionate  and  the  iron  is  21.  In  comparison  with  other 
commonly  used  dielectric  tx>dela  the  agreement  is  very  good. 

References: 

Moore  C.R.  FEBS  letters,  1983,  I6J,  171-175. 

Warvlcker  J.  and  Watson  H.C,  "J.  Mol.  Biol.,  1982,  151, 
671-679. 
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VISUALIZATION  OF  ENZYMES  RECOGNIZING  ELECTRO¬ 
STATICALLY  THEIR  SUBSTRATES,  INHIBITORS  AND  CO¬ 
FACTORS  H.  NaKamura,  Dept.  Afpl.  Fhys.,Fac.  Eiigineering, 
Oniv,  TcJq'd,  Hongo,  TXx\yo,  JAPAN. 

Electrostatic  potentials  of  several  enzymes  and 
their  guest  molecules  of  substrates,  inhibitors 
and/or  co-factors  (DFR-NA0PH-KTX,LDH-NAD,GPD-NAD, 
FXN-FMN  and  LYZ-NAM'NAG*NAM)  wore  calculated  indi¬ 
vidually,  and  illustrated  as  colour  codes  on  their 
tertiary  structures  using  a  raster  computer  graphic 
technique.  Two  kinds  of  potential  surfaces  were 
illustrated;  (11  a  host  potential  on  a  gjcst  molecule 
(H-on-G  potential:  electrostatic  potential  due  to 
the  host  enzyme  on  the  van  dor  Kaals  surface  of  the 
guest  molecule)  and  (2)  a  guest  potential  on  a  guest 
molecule  (G-on-G  potential:  the  potential  due  to 
the  guest  molecule  on  the  surface  of  the  guest 
molecule  itself).  The  potentials  were  calculated 
using  Mulliken  net  charges,  which  were  given  by  ab- 
initio  MO  calculations  (Gaussian  70),  and  the 
molecular  graphic  program  TERAS  was  used  for  the 
illustration.  It  was  found  that  each  if-on-G  potential 
has  in  the  most  cases  reversed  characteristics  of 
the  corresponding  G-on-G  potential,  indicating  tho 
electrostatic  force  is  essential  in  tho  recognition 
of  each  guest  molecule.  Previously,  such  mutual 
ccNBpleinentarlty  had  been  qualitatively  described  as 
the  chemical  terms  of  salt  bridges  and  hydrogen 
bonds,  but  now  it  is  quantitatively  understo^  as 
one  of  the  physical  properties  of  the  biomoleculcs. 
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CHARGE  MEASUREMENTS  ON  MYOSIN  THREADS 

P.M.  Cooke,  E.M.  Oarteis,  C.F.  EMIott,  R.A,  Hughej,  and 

K.  Jcnnl5on,  Open  University  Research  Unit,  Oxford,  U.K.. 

The  Irtportance  of  Ion-binding  effects  In  muscle  contrac¬ 
tion  Is  exemplified  by  the  role  of  divalent  cations  In 
activation  processes.  Donnan  potentials,  measured  with  XCI- 
fllled  microelectrodes,  have  (cvealed  large  changes  In 
protein  charge  associated  with  relaxation,  rigor  and  contrac¬ 
tion  In  the  A  and  I  bands  of  glycerinated  muscle.  To  clarify 
the  mechanism  of  charge  changes,  Donnan  potentials  were 
measured  from  extruded  threads  of  gels  containing  purified 
rabbit  muscle  myosin  and  the  rod  subfregment.  The  threads 
simulate  some  of  the  essential  structural  features  of  the  A 
band  In  muscle  as  determined  by  electron  microscopy  and  X-ray 
diffraction.  The  molecular  charge  changes  of  myosin  and 
myosin  rod  In  threads  are  qualitatively  similar  to  tho 
pattern  of  charge  changes  In  the  A  band:  fixed  charge  varies 
with  Ionic  strength  of  the  solution  phase  and  with  (ATP). 

In  '^relaxing"  solutions  containing  Z.S  AtP,  the  fixed 
charge  on  myosin  and  myosin  rod  decreases  by  20-40%  at 
Ionic  strengths  fron  0.03  to  0.12  H,  and  the  voli/ae  of 
myosin  threads  Increases  by  up  to  40%.  The  results  indicate 
that  significant  changes  In  net  electrical  charge  on  myosin 
end  rod  (n  gels  are  effected  by  solutions  which  regulate  the 
functional  state  of  muscle. 
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IONIC  STRENGTH  DEPENDENT  POSITIVE  COOPERATIVITV  BETWEEN 
CALCIUM  BINDING  SITES  IN  CALMODULIN  :  TERBIUM  LUMINESCENCE 
R,  MOHAN.  Max  PUnck  Insticuco  for  Biophysical  Chcoi$tty» 

Goccxngcn»  Wcst-Ceroany 

3*  2* 

Tb  luoincscenge  titration  of  Ca  -free  brush  border 

calcaodulin  (  IxIO  ^  H)  shows  specific  binding  of  two  Tb*** 
ions  to  high  affinity  sites  III  and  IV.  At  neutral  pH  and 
low  ionic  strengths  (I  •  0.003  to  0.13}  the  two  sites  arc 
equivalent  and  independent  while  at  physiological  and  higher 
ionic  strengths  the  binding,  with  an  asyeetric  sigsoidai  cur* 

VC,  is  positive  cooperative  of  a  sequential  nature.  The  ori' 
gin  for  the  eoDforcational  zaobility  is. a  Debye  type  shielded 
electrostatic  tera  as  assesed  by  effects  of  ionic  strength 
on  binding  coefficients. 

The  confomational  changes  upon  cooperative  binding  is 
gleaned  froa  the  intensity  and  gca  (dissyactry)  values  of 
circularly  polarized  luminescence  (CPL)  part  of  the^lotal 
luaioescence(TL)  of  Tb"^  .  A  coaparison  of  CPL  on  Tb'^  titra¬ 
tion  against  caloodulin  at  low  and  high  ionic  strengths 
shows  that  gea  Is  a  constant  at  low  ionic  strengths  while 
at  high  Iqmic  strengths,  upon  cooperative  binding  of  the 
second  Tb*^  ion  there  is  no  additional  CPL^although  the  Tb*^*^ 

TL  is  enhanced.  A  detailed  analysis  of  Tb*^  luainesccnce  ti¬ 
tration  curves  sh^vs  that  both  tyrosines  (TYR  99  and  TYR  138) 
and  both  bound  Tb'’  ions.^re  involved  in  the  energy  transfer 
process  of  sensitized  Tb*^  luainesccnce  at  all  the  ionic 
strength  used. 
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INVESTIGATION  OF  THE  DIELECTRIC  PROPERTIES  OF  HUMAN 
HEMOGLOBIN  DURING  OXYGENATION.  S.  Takashlna.  Departoont 
of  Bioengineering,  D-3,  University  of  Pennsylvania, 
Philadelphia,  PA,  USA 

The  dielectric  properties  of  huaan  henoglobin  were 
reinvestigated  at  various  stages  of  oxygenation.  The 
nea^urenents  were  carried  out  between  10  KHz  and  S  HHz 
using  highly  nurlficd  and  deionized  heaoglobln  sanples. 
The  Input  voltages  were  kept  as  low  as  possible.  The 
dielectric  increaents  aeasured  at  various  oxygen  par¬ 
tial  pressures  show  two  aaxiaa  at  2.5  aaHg  and  20  aaHg 
respectively  and  a  ainiaun  at  7.S  azaHg.  This  result 
is  in  agreenent  with  those  obtained  hy  Takashina  and 
Luary  years  ago.  The  dielectric  dispersion  curve  of 
partially  oxygenated  heaoglobln  consists  of  two  clearly 
separated  relaxation  curves.  One  of  these,  which  is 
observed  around  1  HHz  is  Identical  with  that  of  fully 
oxygenated  henoglobin.  The  second  curve  Is  found 
around  30-20  KHz.  In  vi^  of  the  very  different  tlae 
constant  of  this  additional  dispersion,  it  is  inferred 
that  the  crigin  of  this  relaxation  say  be  a  charge 
transfer  between  subunits  rather  than  conformation 
changes  of  henoglobln  molecules.  These  observations 
Indicate  that  Intermediate  forms  with  a  highly  asym¬ 
metric  charge  distribution  would  appear  during  the 
oxygenation  of  henoglobln.  The  author  is  partially 
supported  by  ONR  N00OI4-82-K-0321. 
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HOW  TO  CALCULATE  ELECTROSTATIC  ENERGIES  IN  PROTCINS 

S.T.  Russell,  A.K.  Churg  and  A.  Warshel.  Dept,  of  Ch^istry, 

University  of  Southern  California  90089-0482. 

Various  approaches  for  electrostatic  calculations  in  pro¬ 
teins  are  analysed  and  cob<parcd.  An  examination  of  macroscop* 
le  approaches  demonstrates  that  the  model  of  T^ford  and 
Kirkwood,  which  treats  proteins  as  non  polar  spheres,  is  in¬ 
consistent  with  experimental  facts.  It  is  also  shown  that  a 
recent  codification  of  the  Tanford-Kirkwood  model,  using  sol¬ 
vent  accessibility  is  inconsistent  with  its  own  assumptions 
and  with  basic  electrostatic  theory.  The  examination  of  micro¬ 
scopic  models  is  concentrated  on  calculations  of  intrinsic 
pK^'s  in  BPTI  using  the  protein  structure.  It  is  shown  that 
calculations  that  use  only  the  protein  permanent  dipoles  can 
underestimate  the  stabilisation  of  charged  groups  iv 
$0  kcal/mol.  It  is  then  shown  that  only  calculations  that  in¬ 
clude  the  permanent  and  induced  dipoles  of  the  protein  and 
the  surrounding  water  molecules  can  give  reasonable  re¬ 
sults*  An  extremely  effective  model  that  includes  all  these 
factors  is  described.  The  model  is  based  on  a  refinement  of 
a  previous  microscopic  dielectric  approach^.  The  protein  in¬ 
duced  dipoles  ate  simulated  by  a  self  consistent  Iterative 
approach  and  the  surrounding  water  molecules  are  simulated 
by  effective  self  consistent  hverago  dipoles  (with  average 
orientations  determined  from  molecular  dynamics  simulations). 
This  model  is  shown  to  provide  reliable  electrostatic  ener¬ 
gies  for  ions  and  ion  pairs  in  proteins. 

I)  A.  Warshel,  Acc,  Chem.  Res.  1£,  284  (1981), 
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STRUCTURAL  A.ND  SOLVENT  EFFECTS  THE  REACTIVITY  OF  OXYGEN 
WITH  2-OXAZOLIN-5-ONES  DERIVED  FRO-M  ALPHA  AMINO  ACIDS.  C.A. 
Chuaqul,*  H«  Rodriguez,**,  J.  Merritt,*,  A.  Marquez,**  and 
L.  Tagal,**.  *H«dlcal  Biophysics  Breach,  Atomic  Energy  of 
Canada  Limited  Research  Company,  Vhlteshell  Nuclear 
Research  Establishment,  Pinawa,  KB,  Canada,  ROE  ILO,  and 
**Departasenco  de  Clenclas  Foraattvas,  Fee.  Ctenetas 
Basleas  y  Farmaceutlcas,  Unlv.  of  Chile,  Santiago,  Chile. 

Oxazollnonea  are  produced  by  dehydration  of  N-acylamtno 
atlds*  Their  reactivity  toward  oxygen  Is  critically  depen¬ 
dent  on  structural  factors  as  veil  as  solvent  effects.  For 
Instance,  the  substitution  at  position  4  of  the  heterocyc¬ 
lic  ring  (originally  the  alpha  carbon  in  the  amino  acid)  le 
of  primary  laporeanee  since  a  reaction  takes  place  only  if 
a  hydrogen  Is  present  at  that  position.  The  reaction  pro¬ 
ceeds  through  tautomeric  forms  in  which  the  hydrogen  shifts 
to  the  carbonyl  and  Imlno  groups  In  the  ring,  a  process 
that  Is  greatly  Influenced  by  solvent  characteristics.  The 
type  of  products  formed  la  also  dependent  on  structural 
charaeteriatics  of  tha  substituents  that  control  the  reac¬ 
tion  to  product  oxidation  products  or  dimerization  pro¬ 
ducts.  In  the  present  work,  the  reactions  of  oxygen  with 
2-phenyl-4-ethyl-2-oxaroUn-5-onc  (I),  2,4-dlphenyl-2- 
oxatoltn-5-one  (11)  and  2-p-Bethox>?henyl-4-phenyl-2- 
oxatolln-5-one  (III)  tn  dtmethylsulfoxlde  (DMSO)  dimethyl* 
formamlde  (DMF)  and  tetrahydrofuran  (THF)  were  analyzed. 
The  results  show  that,  while  (I)  yielded  mainly  an  Imldc 
derivative  and  CO^*  oxatollnet  II  and  III  formed  dimeric 
products.  It  vat  also  observed  that  the  rate  of  reaction 
depends  on  the  polarity  of  the  solvent. 
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CHARGE  DXSTRlLUrXONS  IN  PRCTTEINS 

D.3.  Barlow  and  J.M.  Thornton,  Department  of  Crystallography, 
birkbcck  College,  London,  UK. 

The  charged  group  distributions  for  32  proteins  of 
known  3D  structure  have  been  analysed.  To  assess  how 
sysmetrically  the  charged  grovq>s  arc  arranged,  charge 
polarity  vectors  were  calculated,  considering  only  the 
positions  of  charges  and  neglecting  their  actual  sign.  The 
results  show  that  most  proteins  have  symmetric  or  .andcca 
distributions  of  ojorged  groups;  very  few  have  asyaRCtrlc 
distributions.  Bleccxio  dipole  ixwcnts  were  also  calculated 
for  the  proteins,  using  both  formal  and  partial  charges. 

The  analysis  indxcates  that  for  the  majority  of  proteins; 

(1}  the  permanent  charge  distribution  accounts  for  almost  all 
of  the  dipole*  (2)  pcptldo  dipoles  contribute  little  to  the 
overall  dipole  (except  In  the  case  of  the  a/B  proteins)  and 
(3)  the  dipoles  are  small  considering  the  size  of  the 
molecules.  Freliainary  studies  have  been  made  on  several 
specific  proteins,  to  relate  the  magnitude  and  direction  of 
the  electric  dipoles  to  the  molecules’  function.  To  assist 
in  this  work  we  have  developed  on  interactive  projection 
algorithm  for  use  on  a  colour  cemputer  graphics  system.  The 
Hassier  projection  maps  produced  by  the  program,  allcw  the 
entire  charged  group  distribution  for  a  protein  to  b«  shown 
on  o  single  figure,  so  that  clusters  and  Interaction  sites 
are  easily  identified. 
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CHARGE  CALCULATIONS  IN  MOLECULAR  MECHANICS 
B.D.  Hudionond  R.J.  Abraham,  The  Robert  Robinson  Loborotocies, 
The  Univcfslly  of  Liverpool,  Liverpool  L69  3&X  and  W.A.  Thomos, 
Roche  Produch  Ltd.,  P.O.  Box  8,  Welwyn  (Sarden  City,  Herts AL7 
3AY 

A  previously  published  scheme  of  estimating  otomic  charges  in 
haloolkones,  loscd  on  atomic  eleetronegotivities  ond  polorlsobillties, 
hos  been  extended  to  include  oil  common  functionol  groups  In  proteins 
This  is  done  by  the  explicit  inclusion  of  the  effects  of  mesomerlc 
chorge  tronsreranco.  Good  ogreement  between  the  observed  and 
colculoted  dipole  rnoments  for  o  rot>ge  of  model  compounds  hos  been 
found.  Charged  species  con  be  treoted  by  I)  the  addition  of  Integral 
chorges  to  the  relevant  atoms  and  2)  a  deperxlanee  of  the  atomic 
elecironegotivity  with  otomic  charge.  The  scheme  predicts  a  grar^t 
spreadir>g  out  of  the  excess  chorge  in  contrast  to  the  CNDO  picture 
of  chorge  olternotlon.  For  the  zwilterionic  forms  of  Glycine, 
ond  «*  ond  fi  olonine,  the  scheme  gives  calculated  dipole  monwnts 
in  good  ogreement  with  observed  values  In  H2O  solution.  The  full 
set  of  chorges  for  all  tf>e  chorged  o.vd  uncharged  omit>o  ocid 
residues  should  L>e  of  use  in  molecular  mechanics  colculotions 
of  enzyme  systems. 
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'niEORCTICAL  STUDIES  OP  CATALYTIC  PAT1WAYS. 

F.  Sussajn*,  J.  Moults  and  M.K.C.  Jaaes*.  Department  of 
Cryatalloqraphy,  Sir)(bec}<  CollegCf  London  WCI4  UK*«  and 
Biochcalstry  Departxaent,  University  of  Alberta.  Cdsonton. 
Alberta,  Canada^^. 

A  seai'classical  sethod  which  In  principle  can  include 
the  influence  of  all  the  residues  of  an  enzytx  onto  the 
catalytic  pathway  has  been  applied  to  the  study  of  serine 
proteases.  The  accuracy  and  scope  of  such  a  oethed  was 
checked  in  sstall  taodel  syster.s.  We  then  used  this  oethod  to 
test  hypothesis  proposed  froa  x^ray  crystallographic  and 
other  biophysical  as  well  as  biochealcal  experiments.  The 
test  systes  to  which  we  applied  our  methodology  was  a  well 
characterised  serine  protease.  Protease  A  from  strcptosyces 
Griseus  (SGPA).  Specifically  we  were  interested  to  under¬ 
stand  the  role  of  the  triad  of  residues  that  participate 
directly  into  the  enzymatic  process:  Aspartic  acid. 
Histidine  and  Serine,  and  how  the  bulk  of  the  protein 
influences  these  residues  so  as  to  lower  the  energetic 
barriers.  This  program  was  carried  out  by  analysing  the 
resulting  energies  and  electron-density  distributions. 
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MONTE  CARLO  STUDY  OF  LIPID  BILAYER  PACKING 
CHARACTERISTICS,  USING  THE  DISTRIBUTED  ARRAY 
PROCESSOR.  T.J.Coo,  A.J.O.Hey,  D.Molvillo. 
H.L. Scott  Phydics  Dept..  University  of 
SowthAftipton,  S09  SNH,  U.K, 

Radictl  distribution  functions  for  pure  lipid 
and  1 ipid'protom  systems  are  obtained,  assuming 
both  systems  to  be  hard  disc  fluids.  This 
approach  is  motlvatod  by  Scott's  Statistical 
Mechanical  Theory  of  Oi layer  Membranes,  which 
successfully  uses  the  molecular  projections  onto 
the  Bilayor  Flane  as  the  interacting  spccies<l>. 
In  this  first  paper,  we  assume  circular 
proj<»ctlons  of  dilferent  radius  for  the  lipids 
and  proteins.  The  packing  of  this  purely  random 
system  is  examined  in  detail.  We  are  extending 
our  investigation  to  include 
a)el 1 ipsoidal  lipid  molecular  projections 
b'phonomonological  lipid-protein  and  protein- 
protein  interactions 

The  computational  aspects  of  this  calculation  are 
somewhat  novel.  By  mapping  real  space  onto  the 
processor  array,  and  utilizing  the  inherent 
parallelism  of  this  machine  we  are  able  to 
include  large  numbers  of  molecules.  This  allot.s 
us  to  use  physiologically  relevant  protein 
concentrations,  while  still  maintaining  good 
protein  statistics. 

<!)Scott  H.L. <1931)  Biochim.  Biophys.  Acta  643, 
161-167 


lU'  |K0>IATIC  INTERACTIONS  IN  THE  BINDING  Or  MLTHOTWXMI 
V.j  lM'*tTHOPRIM  ANALOGUES  TO  OIllYDROFOUTE  RtDUCTASt 
)  tfcncy,  A. ft.  Bevan,  B.  Birdsall,  C.C.K.  Roberis,  National 
Vn^titute  for  Medical  Research,  Mill  Hill,  London,  U.N.. 
M.T.A.  Oheung,  University  of  Sydney,  and  I.  Noopi<, 

Uoffr-«r,- la-Roche,  Basle. 

ft<  have  u*cd  and  fxnj-  study  clcctiv^tain 

interactions  oetxeen  antifolate  drugs  and  their  'tari.(t*. 
di‘  Jryfolate  reductase.  Trisethoprim  is  shown  to  le 
protvrutted  on  N1  when  bound  to  the  ensyce,  and  th( 
^.c.di.'oinopyriciidine  ring  binds  in  the  saxe  vav  as  the 
corresponding  part  of  BCthotrexate,  forsing  a  hvdroj.en  h*>nd 
tror  M  to  the  carboxylate  of  Asp  26.  The  dynar.lcs  of  this 
f  'drot'cn-bond  were  studied  by  acasurcaent^  of  the  e>charfe 
vf  the  M»H  with  solvent. 

r.L(  )r'carbox>late  of  aethotrerate  fores  ar  ion*pair  with 
His  2H,  and  the  accoB;>anying  change  in  pN  of  the  histidine 
Na'  been  iDeasured  by  nsr.  Studies  of  the  binding  of 
ncthoirexate  asides  lead  to  estimates  of  the  energetic 
contribution  of  this  interaction  and  that  between  the 
vcarfcvxyjate  and  Arg  57. 

Lopputer  graphics  methods,  based  on  the  cr)Stal  .tructur* 
deterrined  by  Matthews  et  al,  have  been  used  to  de<>iKn  . 
trinethoprin  analogue  having  a  dicarboxylic  acid 
'^udsotuent  intended  to  bind  to  Arg  $7  and  His  26.  Nrr 
ftodu  indicate  that  this  coepound  does  bind  av  predicted, 
a'iJ  It  js  found  to  bind  lODO^fold  more  tightly  than  the 
panr.t  cor^und. 


CCXlPirrER  SiKULATIOfJ  OF  TRIMETHOPRI.M  -  DHFR  IWTERACTIOfI 
C.R.  Bcddcll,  Wellccoe  Rescardi  Laboratories,  Langley  Court, 
Beckenham,  Kent,  England. 

The  enzyme  dihydrofolate  reductase  (KiFR)  is  a  target  for 
certain  anticancer,  antiprotozoal  and  antibacterial  drugs. 
DHFRs  frea  vertebrate  a.nd  bacterial  sources  arc  homologous 
and  also  similar  In  three  dimensional  architecture. 
Nevertheless,  the  antibacterial  drug  trix:ethopris  can  bind 
to  bacterial  enzyme  about  3000  times  more  tightly  than  to 
vertebrate  enzyme.  It  is  established  by  crystallography  a.nd 
NMR  that  triacthopris  adopts  basically  two  different  types 
of  conformation  w.>tcn  bound,  according  to  enzyme  type.  It 
seemed  appropriate  to  test  whether  a  simple  molecular 
ficchanics  simulation  of  the  interaction  would  reproduce  this 
^servation.  The  simulation  used  the  computer  program 
ENERGY  (North,  A.C.T. ,  University  of  Leeds)  and  the  general 
procedures  of  Potterton,  E.A.  (D.Phil.  thesis  (l*)B3)/ 
university  of  Leeds)  to  estimate  electrostatic  and  van  dcr 
Waals  interactions.  Crystallographic  atomic  coordinates  for 
triEMithoprim  cceplexed  with  (1)  E.coli  IXIFR,  (2)  E.coli 
DHFR  and  NAOPH  (Chariness  J.N. ,  Beckenham) ,  (3)  hen  DHFR 
and  HAD?)!  (Matthews,  D.A.,  La  Jolla),  (4)  Ll2lO  (souse)  DHFR 
and  NADPH  (Stammers  D.K.,  Bcckenhius)  were  used  to  define  the 
four  binding  sites  containi.ng  comparable  regions  of  enzyme 
structure.  In  each  site,  trimethoprim  was  positio.ncd  in 
each  type  of  conformation,  and  a  minimus  potential  energy  of 
binding  was  obtained  by  energy  minimisation.  For  each  of 
ttie  four  binding  sites,  the  trimethoprim  corformer 
calculated  to  bind  with  minimum  energy  was  of  the 
crystallographically  observed  typo. 
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ON  IKE  PRIMARY  SULPHATE  AND  PHOSPHATE  BINDING  SITES  IN  YEAST 
PHOSPHOCLYCERATE  KINASE  H  Ursson-Rafnikieyicz  and  M  K  KhaaiJ^ 
Dept.Chco.  4  Mol.  Biol.,  Swedish  Univ.  Agric.  Scl.,  tppsala  ‘ 
and  B  Schierbeck,  Depe.  Biochea.  4  Biophys.,  Chalmers  Techn. 
Highschool,  GGceborg,  SWEDEN. 

Tlje  phosphoglyccrate  kinase  reaction  with  MgATP  and  3»F- 
glycerate  ac  substrates  can  kinctically  be  described  by  a 
random  cguilibrium  mechanism.  A  ping-pong  rechanism  has  been 
suggested  as  an  alternative  (phosphoryl  interccdiatc)but  in 
all  cases  the  due  results  have  been  sh'^wn  to  arise  from  arcc* 
facts.  Many  anions  activate  at  lover  aid  inhibit  at  higher 
concentrations.  Most  pronounced  cffecct  are  obtained  by  the 
sulphate  ion.  Detailed  atudiss  reveal  that  toe  sulphate  ion 
as  an  activator  does  not  affect  substrate  binding.  As  an  in¬ 
hibitor  it  competes  with  both  the  substrates.  More  recent 
studies  on  phosphate  effects  reveal  that  even  if  sulphate  anc 
phosphate  ions  are  similar  they  show  quite  different  inhibi¬ 
tion  patterns.  Phosphate  is  strictly  noncompetitive  inhibitor 
of  HgATP  and  mixed  noncompetitive  and  competitive  inhibitor 
of  3-P-glyccratc.  Still  a  Webb  and  a  Thcorcll-Yonetani  plot 
indicate  exclusive  binding  of  the  inhibiting  sulphate  and 
phosphate  ions  to  the  enzyme.  If  the  results  reflect  a  part 
of  the  "trigger  mechanism"  suggested  by  Watson  et  al  Cl)  is 
worth  while  to  take  into  consideration.  An  extended  positive 
center  in  the  enzyme  exists  close  to  the  site  of  the  3-phos¬ 
phate  of  a  presumed  D-tnosc  when  binding  to  the  enzyme  CO* 
Tripolyphosphatc  is  strictly  competitive  with  3-P-glyccrate 
and  a  mixed  inhibitor  with  Mg  ATP. 

I/.  EMSO  J.  (1982)  I,  1635. 
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STRUCTURAL  STUDIES  OF  KATIVE  ADEROVIRUS  AKD  ASSEMBLY  KUTANTS 

C.  EerchcC'Coloainat^ .  C.  Devaux^**,  B.  Jacrot^  and 

P.A.  Ticains*;  EMBL,  Crenobin*,  INSERM  Lille*  and  Institut 

Lauc-Lanjevin,  Grenoble*,  France. 

X-ray  and  neutron  scattering  techniques  have  been  used  to 
investigate  the-distribution  of  protein  and  DKA  in  adenovirus. 
The  neutron  scattering  studies  have  led  to  a  aodcl  desccibing 
the  radial  distribution  of  DXA  and  protein  in  the  virus  as 
veil  as  detensining  the  solecular  weight.  Cospleeentary 
neutron  experiaents  on  the  chciciosensitivc  outant  tslS2, 
which  lacks  specific  proteins  and  Dost  of  the  DKA,  allow  us 
CO  detemine  the  radial  location  of  these  elssing  cofiponcncs 
in  the  naHvc  particle.  The  X-ray  studies  have  given  details 
of  the  packing  of  the  oajor  protein  (the  hexon)  in  the  viral 
coat  and  indicate  a  rather  looser  packing  than  previously 
believed.  A  broad  reflection  centered  at  1/29  is  not 
explained  by  the  protein  packing  but  staining  with  Kg2Cl2 
enhances  this  reflection,  suggesting  chat  it  is  due  to  the 
DNA  packing  in  Che  nucleo-protein  core.  This  hypothesis  is 
confir&cd  by  the  absence  of  this  reflection  in  the  taucant 
CSI12. 
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EliCTRO.V  SPIN  RESONANCE  STUDIES  ON  THE  LIPID  BIIAYER  OF 
INaUENZA  VIRUS.  P.J.  Sizer,  A.  Miller,  Departeent  of 
Molecular  Biophysics,  &  A.  Watts,  Departeent  of 
BlochesisCry,  University  of  Oxford,  U.K. 

Synthetic  fatty  acids  and  phospholipids  containing 
the  nltroxlde  free-radical  reporter  group  have  been 
introduced  into  the  lipid  oatrix  of  the  influenza  A  virion. 
Electron  spin  resonance  eeasureaents  have  conflraed  Che 
bllayer  structure  proposed  for  the  lipid  of  the  virus. 
Incorporation  of  either  a  sterol  or  phospholipid  spin-label 
analogue  gives  a  two-coeponenc  spcctrus;  one  coaponent 
indicating  lipids  undergoing  slow-exchange  with  the  bulk 
lipid.  This  result  is  thought  to  indicate  that  the  annulus 
of  lipid  that  surrounds  the  integral  aeabrane  proteins  of 
the  viral  bilayer  is  relatively  iraobilized  relative  to  the 
b‘.:'v  lipid  through  lipid-protein  interactions. 
Appr^xisately  lOZ  of  the  total  lipid  i.s  itaaobilized,  and  if 
this  *s  taken  to  be  the  average  distribution  of  a  typical 
lipid  in  the  bilayer,  a  acasurcaent  of  llA  for  the  average 
hydrophobic  radius  of  the  protein  cay  be  cstieated  using 
Che  oolar  lipid  to  protein  ratio  obtained  froa  neutron 
diffraction  studies.  When  a  fatty  acid  spin-label  is 
introduced  into  the  lipid  bilayer,  the  proportion  of  lipid 
lasobiiizcd  is  about  40Z.  This  aay  reflect  a  positive 
selection  for  fatty  acids  by  the  protein  in  its  lipid 
annulus;  the  icaobillzation  due  to  cither  non-covalent 
interactions  or  possibly  covalent  linkages  as  reported  in 
ocher  viruses. 
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ISOLATION  OF  A  CyANOBACTSRlAl-  mm  RESISTANT  TO 
THE  Vinos  N-n 

A.  Vaibhaianavan  and  Anupaaa  Sabuy,  faculty  oi 
Scienco,  Unlvcrnity  of  Bihar,  Huzaffarpur,  India. 

In  the  cyanobacterlun  Noetoc  Buscorun  the  occ¬ 
urence  oi  epontaneous  as  well  as  nltrosoguanldine- 
BUtants  resistant  to  the  virus  N-I.  has  been  repo¬ 
rted  by  Padhy  and  Singh  (1976,  Arch. Virol. .  52. 
85-9^).  Wc  hereby  report  the  isolation  of  another 
mutant  of  fj.  auscorup  resistant  to  a  typical  virus 
which  .nfectc  the  vegetative  coils  as  well  as  the 
nitrogen- fixing  apparatus,  i.e.,  hotcrocysts  on 
solid  BcdiuB  at  a  teaperature  strictly  above  ,52^0, 
The  nature  of  tills  virus  has  been  although  not 
fully  estaollshcd  yet  It  has  been  found  to  cause 
a  very  rapid  lysis  (w.  thin  12-16  h)  of  the  cyano- 
bacterial  cells.  Thi'ough  ultra  violet-irradiation, 
using  a  'Philips'  gcrcilcidal  laop  eaEstting  mostly 
at  2>372A  with  a  dose  rate  of  approxioately  90 
ergs/aavsec  at  a  distance  of  ?  inches  fi’Oa  the 
lamp,  a  mutant  of  this  host  orgaotsa  has  been  iso¬ 
lated  wliich  has  been  found  100  %  resistant  to  the 
virus  in  question  (designated  as  N-II)  even  at  high- 
temperatures  ranging  between  32  to  40^0,  The  freq¬ 
uencies  of  spontaneous  and  uv-induced  mutations 
of  this  kind  in  ll,  auscorua  have  been  found  to  be 
of  thp  order  of  2,88  +  0,12  x  10-8  and  1.33  ♦  o.66 
X  lO;-'  rospecUvely,  reverting  back  to  the  isTld 
typo  mostly  at  the  pace  of  1.2  to  3.3/109. 
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FURTHER  OBSERVATniS  OJ4  THE  STRUCTURE  OF  }2ARC1SSUS  .MOSAIC 
VIBUS  PARTICLES 

J  U  Low*,  P  Tollin*  and  H  R  Wilson* 

^Cacnegie  Laboratory  of  Physics,  University  of  Dundee, 
Dundee  OOl  4i&] 

‘Physics  Lepartsent,  University  of  Stirlinq,  Stirling  FK9  4LA 
tldi'clssus  Dosaic  virus  (tOT/j  is  a  acaber  of  the  potex 
group.  tiWJ  particles  arc  elongated  and  flexuous  with  a 
length  of  *v55o  na  and  a  diaaoter  of  ^>14  na.  X-ray  diffrac¬ 
tion  studies  a.nd  optical  diffraction  fros  electron  aicro- 
grai^s  can  be  interpreted  in  terms  of  a  helical  arrangement 
of  protein  subunits,  with  Sq  ♦  4  subunits  in  5  turns  of  the 
helix,  where  q  is  Integer  lying  in  the  range  6  ^  q  ^  9. 
(Tollin  etal.  1968,  197S;  Bancroft  et  al.  1980).  In  order 
to  deterrine  q  sore  precisely,  we  have  sadc  prcliainary 
Fourier  transform  calculations  froa  the  NXV  aicrographs  and 
also  made  taolccular  voluso  calculajtions  based  on  the  aaino 
acid  cospositlon  of  lUtA  content.  These  results  give  firs 
evidence  in  favour  of  q  b  8,  which  supports  the  hypothesis 
chat  the  nuBber  of  protein  subunits  per  turn  of  the  helix  in 
the  potex  viruses  is  close  to,  but  slightly  less  than  9,  and 
that  different  viruses  in  the  group  differ  in  the  fractional 
departure  froa  9  (Richardson  ct  al.  1981). 
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PRELIMINARY  DATA  ON  THE  STRUCTURE  OF  THE  FIBRE  PROTEIN  OF 
ADENOVIRUS  TIPE  2.  C.  Dcvauxi,  C.  Berthct-Colcatnas^. 

P.A.  Tissains^,  P.  Boulangerl  and  B.  Jacrot^. 

Laboratoire  de  Viroloaie  Mol6culaire  INSERM-LILLE*,  European 
Molecular  Biology  Laboratory,  Grenoble^,  InsvXtut  Laue 
Lang-vtn^,  Grenoble,  FRANCE. 

Crystals  of  the  fibre  protein  of  Adenovirus  type  2  have 
been  obtained  by  precipitation  from  polyethylene  glycol. 

They  are  thin  platelets  (about  10-20  no  thxcki  Small 
crystals  have  been  analysed  with  electron  microscopy  ahd 
X-ray  powder  diffraction,  showing  the  cost  likely  space 
group  to  be  P321  with  a  unit  cell  77  x  77  x  590X. 

Keasur^ent  of  crystal  density  shows  that,  if  the  spice 
group  is  correct,  the  fibre  must  be  a  dimer,  a  model  for  thf 
molecular  packi'i  in  the  crystal  has  been  deduced.  The 
largest  crystals  obtained  diffract  up  to  at  least  3il 
resolution. 

Biochemical  analysis  indicates  that  the  fibre  in  the 
crystals  has  been  protcolysed,  possibly  from  the  C“te*ntnal. 
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HEAT-INOUCED  TRANSITIONS  IN  BACTERIOPHAGE  T4 
PROTEINS 

G.R. Ivanitsky,  V.L.Shnyrov  and  O.D.Vcprintscva, 

Inst .Biol, phys. ,USSR  Acad.Sci. ,  Pashchino,  USSR 
An  Interaction  between  the  phage  and  the  host 
cell, as  well  as  seme  physical  or  chctnlcal  factors 
(c.g.  heat)  induce  contraction  of  the  phage  sheath. 
The  contraction  is  irreversible  and  he  e.is  cha¬ 
racterized  oy  a  considerable  change  in  rce  energy. 
The  contribution  of  enthalpy  into  the  frio  energy 
change  was  studied  by  scanning  roicrocaloiimctry. 
Electron  microscopic  analysis  has  shown  the  sheath 
contracts  at  70±2OC.  Calorimetric  curve  of  the  pha¬ 
ge  T4B  ghosts  has  only  endothermic  peaks  with  maxi¬ 
ma  at  52,70,80  end  88®C.  A  peak  with  the  maximum  at 
7o®r  corresponds  to  the  tail  sheath  contraction. 
However, this  correlation  was  also  observed  on  ther¬ 
mograms  of  the  ghosts  precontracted  by  treatment 
with  urea  or  alkali.  So, the  process  of  the  tali 
reorganization, in  fact, cannot  be  characterized  by 
considerable  changes  in  enthalpy.  Heat  generation 
observed  in  a  number  of  our  experiments  and  by  othci 
authors  results  from  a  side  process  and  is  due  to 
unspecific  irreversible  aggregation  induced  by  heat 
Heat  and  alkali  treatment  of  the  phages  in  the  so¬ 
lutions  of  low  ionic  strength  leads  to  the  normal 
tall  reorganization.  In  the  solutions  with  ionic 
strength  equal  to  0.1  and  higher  th>  untransformed 
baseplate, being  separated  frem  the  contracted 
sheath, often  remains  contact  with  the  tall  core. 
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SELF-ASSEMBLY  OF  BROME  MOSAIC  VIRUS.  C.  BcrthCt-colcoirias*, 
M.Cuillel^  M.  Koch^,  P.  Vachert<*3  and  B^_Jdcrot* -B.M.B.l... 
GrcnObU,  FRANCE^  E.M.B.L.,  Hafibur<7.  GER.MAMY,  UiR£  Ocsay, 
FRANCE^. 

The  kinetics  cf  self-assetably  of  Brooe  Mosaic  virus 
<BMV)  capsid  has  been  studied  by  X-ray  and  llqh'.-scatterlrv;. 
In  the  absence  of  RMA  at  pH»7j  0.5M  KCl,  BMV  protein  Is 
solubilised  as  saall  ROl?cular  veight  subunits;  lowering  the 
pH  to  5  Induces  a  crystallisation  of  the  protein  into  eapty 
capsids,  structural  studies  cf  these  Initial  and  final  states 
of  polyaerisatlon  have  been  already  published.  The  plot  of 
light-scattering  intensity  at  90*  versus  tiac  of  polyaerlza- 
tion  could  be  interpreted  as  a  superposition  of  t^o  exponen¬ 
tials  with  decay  coefficients  depending  on  the  concentration 
of  the  protein.  Using  X-ray  Synchrotron  Radiation,  scattering 
curves  on  solutions  at  0.8  ag/al«  4  eg/al  and  12  ag/sl  have 
been  collected  at  different  tlues  of  the  assenbly  process. 
After  about  l.S  sec  (at  4  »g/rtl  concentration)  the  appearance 
of  aaxl&a  and  olnlaa  in  the  scattering  curve  indicates  the 
orcsence  of  capsids  in  the  solution.  Cryo-Electron  Microscopy 
berforoed  on  a  sas^lci  unfixed,  unstained  and  fresen  4 
cainutes  after  the  start  of  polyeerlzation  allowed  the  obser¬ 
vation  of  an  heterogeneous  population  cf  capsids  all  of  the 
ease  radius  but  scese  being  cccpUtely  filled  and  others  in 
intorcsedlate  states  of  filling.  ITiis  result  leads  to  the 
analysis  of  the  X-ray  scattering  curves  by  a  linear  coebina- 
tlon  of  the  scattering  curves  of  thick  spherical  shells 
Uvlng  openings  of  different  sizes.  Free  these  theoretical 
curves  we  derive  a  oadel  to  fit  our  experlsicntal  data.  The 
interpretation  is  currently  under  way. 
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STRUCTURAL  IKVESTICATIONS  CM  IRIDESCEOT  VIRUS 
S.K.  Burley,  R.J.  Grecnall,  A.  Hiller#  C.  Nave#  m.t.  Stubbs, 
Laboratory  of  Molecular  Biophysics#  Department  of  Zoology, 
University  of  Oxfc'd#  South  Parks  Road#  Oxford.  0X1  3PS,  UK. 

Saall-angle  neutron  &  X-ray  scattering  have  been  used 
to  Investigate  various  aspects  of  the  structural  organizat¬ 
ion  of  a  eytoplasaie  deoxyribovlns#  iridescent  virus  type 
29.  The  neutron  data  allows  the  determination  of  the 
railal  distribution  of  CMA#  lipid,  a  protein.  A  new  low 
density  external  shell  of  filamentous  protein  has  been 
discovered.  A  shell  model  is  proposed,  of  three  spherical 
shells  consisting  of  a  nucleoprotoin  core#  a  lipid  bllayer# 

4  protein#  t  one  Icosahedral  shell  of  protein.  A  Debye 
calculation  is  used  to  L.sdel  the  icosahedral  outer  shell. 
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INTERAIMION  BEIVEEN  OLICOSUCLEOTIDES  AND  PROTEIN,  STUDIED  IN 
A  SPHERICAJ.  PLANT  VIRUS 

J.  Kruse.  C.  Vriend#  B.J.M,  Verduin  and  M.A.  Hecainga, 
Agricultural  University,  Wageningen,  the  Netherlands. 

The  protcin-RNA  interaction  in  covpea  chlorotic  mottle 
virus#  an  icosahedral  plant  virus,  has  an  important  effect 
on  the  mobility  of  the  N-terainal  ana  of  the  protein  sub¬ 
units.  Binding  experiments,  using  synthetic  oligo-nucleotides 
have  been  carried  out  to  investigate  the  differences  between 
the  three  types  of  subunits  that  .ire  present  in  icosahedral 
particles  with  a  triangulation  number  cgual  to  three.  The 
binding  has  been  studied  with  NliR  and  ultracentrifugacion 
techniques.  The  role  of  the  N-*tcrRinal  arts  has  been  empha¬ 
sized  using  mixtures  of  protein  subunits  lacking  the  N-tcr- 
ntnus  and  ordinary  protein  subunits,  which  arc  reconstituted 
together  into  empty,  viruslike  spherical  particles. 
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RAJiATioiiiiss  ?HA:;sMro:!s  in  a  substrate-ehzxme 

COHPIiXES  DUE  10  DEPORKATION  EHEROX  REOUPERATIOH 
IK  COIffORKAPIOK  DEGREES  OP  PREEDOM 
V,A«AOvar3ky.N»P«Perolman,I«Sh.Averbukh.  Applied 
P/iysics  Inst,  f Acad. Sci. of  tloidavian  3SR, Kishinev, 
USSR 

The  main  idea  of  the  paper  presented  is  the 
following;  due  to  the  internode  binding  of  the 
enzyne  reaction  (LR)  coordinate  with  the  low  fre¬ 
quency  confoi'sational  degrees  of  freedom  of  en¬ 
zyme  molecule  the  process  rate  of  the  SE  complex 
convertion  inJjo  the  PE  complex  essentially  de¬ 
pends  on  the  excitation  level  of  the  conformation 
degrees  of  freedom.  In  the  simplest  case  such  a 
binding  is  provided  by  the  bilinear  fora  interac¬ 
tion.  The  energy  of  the  ER  activation  depends  on 
conformation  coordinates  in  a  parametric  way.  The 
averaging  over  the  conformation  states  provides 
the  decrease  of  the  activation  energy  up  to  it 
complete  disappearance  wich  ensures  the  exponen¬ 
tial  growth  of  the  HR  rate. 

The  cases  of  different  relations  between  bin¬ 
ding  and  decay  rates  of  S£  complexes  are  analysed 
and  the  model  of  enzyme  catalysis  as  the  kinetic 
phase  transition  is  constructed. 
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ATTMCTORS  AND  BIFURCATIONS  IN  NEURAL  DYNAMICS 
K.Aihara*.  C.MatsiBaow**.  M.Kouni*  And  T.UtsunoniyA*** 
•Tokyo  Denkx  Univ.,K«nda,ChlyodA-ku,T<*yo, Japan, 
••Electtote^nical  Lab.,Ti  ^vba.Ibaraki, Japan,  and 
•••Tokyo  Unlv,  of  Sci.,Chioa, Japan. 

Attractord  and  bifurcations  in  neural  dynaalcs  have 
been  nuacrlcally  analyzed  by  the  Hodgkln-Huxley  equations 
fron  the  viewpoint  of  nonlinear  and  noncquxlibriua  dynaedcs. 
Further,  the  dyneiolca  has  been  physxoloqxcally  verified  by 
exporiaents  on  squid  qiant  axons. 

The  attractors  and  ^e  bifurcations  analyzed  in  this 
research  are  sissiarized  as  follows'  (1)  a  Unit  cycle  of 
self*8u8taxned  repetitive  firinq  and  Hopf  bifurcations  with 
decreasinq  the  external  eoncentratiens  of  the  divalent 
cations  (Ca  and  Kq)  and  at  the  ".ano  tine  increasinq  the 
differences  between  the  internal  and  external  concentrations 
of  the  Bonovilent  cation3(Na  and  K),  (2}  Two  stable  steady* 
states  and  saddle*node  bifurcations  with  incxeaslnq  tne 
external  concentration  of  pottasiun,  and  (J)  strange 
attractors  and  several  routes  to  the  turbulent  oscillations 
in  pc{'iodically  forced  neural  oscillators.  In  the  case  of 
(2),  the  bifurcation  set  in  paraoeter  space  is  coaplex 
because  Hopt  bifurcation  set  coexists  with  the  cusp 
catastrophe  set.  The  routes  to  the  ^aotic  oscillations  of 

so  far  observed  in  the  naural  dynaalcs  are  successive 
period>do>xbUnq  bifurcations,  intcriaittcncy,  collapse  of 
a  torus  and  alternatine  periodic^chaotic  transitions. 


233  ORAL  PRESENTATION 

TE.'^PORAL  EVOLUTION  0?  CONVECTION  PATTERNS  IN  PRO- 
rE'.N  SOL’/TIONS  AND  CYTOPLASMIC  MEDIA 
S.C.  .Mdiior,  Th.  Plcssor  i.nd  B.  Boss 
Max-Planck-Instltut  lUr” ErnShrun^sphysiologlo, 
Rheinlanddamm  201,  4600  Dortmund  1,  FRG 

The  temporal  evo’  cion  of  convective  pattern 
formation  is  studied  in  a  protein  solution  (albu¬ 
min)  and  in  cytoplasma  extracted  from  yeast  colls 
containing  up  to  60  g/l  protein.  The  samples  are 
placed  it;  a  petri  dish  with  a  diameter  of  3.2  cm 
rosuluing  in  a  layer  depth  of  0.15  cm.  The  pat¬ 
terns  are  investigated  by  optical  transmission  and 
dark-field  techniques.  The  dark-field  method  in¬ 
dicates  gradients  of  refractive  index  provoked 
by  variation  in  temperature  and  chemical  compo¬ 
sition.  Starting  from  a  homogeneous  state  the  for¬ 
mation  of  initially  rod  like  structures  and  their 
transition  to  a  network  of  polygons  are  observed. 
The  time  period  for  the  onset  of  structure  evolu¬ 
tion  depends  on  the  protein  content  of  the  solu¬ 
tion.  A  limiting  value  of  the  protein  content  is 
found  below  which  no  pattern  can  be  detected.  The 
existence  of  a  threshold  for  pattern  formation  is 
discussed  on  the  basis  of  the  Marangonl  instabi¬ 
lity  resulting  from  surface  tension  driven  con¬ 
vection.  The  experiments  emphasize  the  importance 
of  hydrodynamics  for  the  process  of  spatial  pat¬ 
terning  as  previously  observed  at  NADH  specific 
wavelengths  in  a  thin  layer  of  periodically  gly- 
colyzing  yeast  extract. 
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ON  THE  STRUCTURAL  COMPLEXITY  OF  BiOSTRUCTURES 

6.  Yaqil.  Department  of  Celt  Biology.  The  Weizoann  Institute 

^TcT^ce,  Rehovot,  Israel 

Blomolecules  and  large  bioassemblies  vary  enormously  In 
the  coo^Jlexity  of  their  structures.  While  self  assestly 
processes  have  been  found  to  be  sufficient  for  directing  the 
asseubly  of  simple  structures,  more  involved  mechanisns 
have  to  be  involved  for  the  assen^ly  of  more  complex  bio¬ 
patterns,  including  several  common  bacteriophages. 

It  is  therefore  important  to  have  quantitative  procedures 
for  the  assessment  of  the  complexity  of  biostructures.  This 
paper  describes  such  a  procedure.  The  basic  proposal  is  to 
evaluate  complexity  by  counting  the  nucter  of  independent 
numerical  instructions  necessary  to  specify  a  given  struc¬ 
ture  in  real  space.  A  set  of  formal  rules  for  evaluating 
structural  complexity  is  presented.  The  procedure  is  applied 
to  a  series  of  biostructures  ranging  from  a  siirple  bio¬ 
molecule  like  adenine,  through  a  cellular  structure  like 
the  nucleosome.  to  a  quasiorganism  like  the  Tobacco  Mosaic 
Virus  (THV).  It  is  found  that  a  correlation  exists  between 
the  structural  corrplexity  of  a  biopattern  and  the  genomic 
requirements  for  its  formation.  Corrplexity  analysis  can 
serve  thus  as  a  tool  for  assessing  genomic  requirements  for 
pattern  formation. 
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MODULATION-INDUCED  TIME  PATTERNS  IN  A  GLYCOLYTIC 
MODEL  SYSTEM  WITH  PERIODIC  SUBSTRATE  INPUT 
H.  MarKus,  H,  Bochcr  and  B.  Hess 
Max-Planck-lnstitut  fUr  ErnShrungsphysxologie 
Rheinlanddamm  201,  4600  Dortmund,  FRG 

Glycolysis  under  periodic  substrate  input  flux 
is  investigated  with  a  two-enzyme  model.  A  great 
variety  of  time  patterns  is  obtained  upon  varia¬ 
tion  of  the  input  flux  amplitude  A  and  frequency  (o 
U).  The  transitions  between  these  patterns  often 
display  "hysteresis"  loops,  i.c.  the  transitions 
occur  at  different  values  of  A  (or  w)  depending 
on  whether  A  (or  ti> )  is  increased  or  decreased  (2) . 

The  introduction  of  additional  bifurcation  pa¬ 
rameters  by  sinusoidal  variation  of  A  or  (o(modula- 
tion)  enormously  enriches  the  time  pattern  diver¬ 
sity.  We  obtain  modulation-induced  chaotic  attrac¬ 
tors  having  a  considerable  higher  degree  of  ran¬ 
domness  (higher  Liapunov  dimension)  than  the  chao¬ 
tic  attractors  without  modulation.  Furthermore, 
intcrmittcncy  is  induced  by  slowly  modulating  A 
or  (j  in  the  neighbourhood  of  a  bifurcation,  pro¬ 
vided  the  modulation  covers  the  interval  of  A  (or 
)  where  hysteresis,  if  any,  takes  place. 

(l|  B.  Hess  &  M.  Markus  (1984)  in;  "Synergetics- 
froa  Microscopic  to  Macroscopic  Order" 

(E.  Frohland,  cd.)  Springcr-Verlag,  Berlin 
(2}  H.  Markus  &  D.  Hess  (1984)  Proc.  Natl.  Acad. 
Scl.  USA,  in  the  press. 
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TW>-DIMiNSIONAL  CHIRAL  CRYSTALS  OF  PHOSPHOLIPID 
R.  M.  ypls  and  H.  H.  McConnell,  Stauffer  Laboratory  for 
Physical  Clicalstry,  Stanford  University,  St.mford,  California 
USA.  94305 

Solid  phase  dooalns  of  dipalaitoylphospHatldylcholine  (DPPC) 
coexist  with  fluid  phase  DPPC  In  aonolayers  at  the  air/ 
water  interface  under  specified  conditlens  of  average  aole- 
cular  area  and  teaperaiurc.  Thepartitionlng  of  a-verai  floor 
escent  lipid  analog  probes  between  the  solid  and  fluid 
phases  has  made  thi»  observation  possible  by  cplf luorescence 
optical  Microscopy.  Coaprcsslon  of  the  nonolaycr  causes  the 
solid  phase  donains  to  grow  at  the  expens-9  of  the  fluid 
phase.  The  shape  of  the  doculne  is  a  sensitive  function  of 
the  coapressioA  rate.  Previous  work  has  shovn  that  under 
slow  rates  of  ccipression  periodic  arrays  of  round  solid 
phase  donalns  form  in  a  continuous  fluid  phasel.  At  rela¬ 
tively  rapid  rates  of  coapression  »  of  the  order  of  a  21 
decrease  in  area  per  second,  chiral  doewlns  are  foreed.  The 
handedness  of  the  dosains  is  directly  related  to  the  enantlo* 
aorphic  configuration  of  the  lipids  in  the  nonolayer.  Do¬ 
mains  with  a  three  fold  rotation  axis  are  fonted  nost  -ten, 
although  douins  with  2,4,5  6  6  fold  rotation  syaaetr  r*' 
also  observed.  These  chiral  dona^ns  provide  direct  vi  il 
evldeore  for  long  range  orientational  order  in  cwo-dxj'cn- 
sional  crystals. 

Wconnell,  il.  M.  et  al.  1984.  Proc.  Natl.  Acad.  Sci.  USA, 

This  work  has  been  suppor.ed  by  Grant  NSF  PCM  8021993  and 
DoD  Equipaent  Crant  DAAG29-83-C-0095  to  H.H.M.  and  a  fellow¬ 
ship  to  R.M.W.  fro«  the  Fannie  &  John  Itertz  Foundation. 
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THE  "iOOSS  STRDOTUHE"  THEORY  FOR  UVIlfJ  STATS. 

A  ’.•SOESSAHY  COKEITIOM  FOR  OISSIPATIVB  STRUSTURES 

H. K,  >xishra.  PepartDent  oi  Biophysics,  All  India 
Institute  of  >Iedical  Sciences,  I?ew  2)elhi>t  t0029> 
INDIA. 

In  a  series  of  papers  necessary  and 
sufficient  conditions  for  structure  forcation  and 
dissipation  by  internal  energy  flows  in  living 
organl3x:s  are  described.  These  are  (1)  choice  of 
certain  atoos  and  bonds;  (2)  "Loose  structure"  - 
a  structure  in  which  conforz^atlonal  barriers  are 
relevantly  low  and  approximately  equal  to 
energies  of  association;  (3)  nonlinear  couplings; 
(4)  open  system  away  from  equilibrium; 

(3)  internal  pimps,  and  lastly  and  importantly 
(6)  largo  flux  of  elementary  excitations,  all 
reducible  to  a  bosonic  formalism,  and  the 
presence  of  a  radiation  field.  A  imified  view 
and  correspondence  to  experimental  facts  will  be 
presented. 

Rofs. 

I.  Living  3tate,  2d.  {R.a.  tlishra),  ^iley 
Eastern  (under  publication,  April.  1934). 

2.  Living  Btate  II,  £d.  (a.K.  fUshra),  './Orld 
Scientific  Publishers,  July,  t984. 

3.  The  Living  State  XII,  iiolo  of  Bxcltons  in 
Biological  Structures  and  the  Ohemical  Bond 
(in  Sanibel  Symposium),  1984. 
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TH£  JDENTIFICATIOK  OF  DfiTCRMINISTIC  CHAOS  IN  ISOPOTENTIAL 
EXCITABLE  MEUBRANES,  U.A.  Uub«aad,  Departeent  ot  Pb^sloloeF, 
The  Univeraity,  Leeds  LS2  9NQ,  U.K. 

Irrcsvilar,  non*pcriodic  ebances  in  seobrane  potential 
aay  result  froa  randos  processes,  or  fros  strictly 
dcterainistic  nonllnosr  processes  that  sbov  extreno 
sensitivity  to  initial  coodttions  and  possess  a  strango 
attractor.  Such  detereinistic  chaos  nay  be  produced  by  a 
sinusoidally  forced  nonlinear  oscillator,  sucb  as  the 
excitation  equation  for  an  excitable  nenbrane.  Nunerical 
solutions  of  sinusoidally  forced  axonal  and  cardisc 
Bosbrano  excitation  equations  are  used  to  obtain  oxaaples 
of  chaotic  activity,  n-dineosional  portraits  of  the 
strange  attractors  are  constructed  froa  the  vectors 
(  V(t),  V(t  ♦  T),  ....  V(t  ♦  (o-J>T))  Iron  coaputed 
solutions  V(t>  and  a  tino  delay  T,  and  tboir  self- 
sinilarlty  is  deaonstrated.  Since  this  netbod  only 
requires  V(t)  it  nay  be  applied  to  identify  ebaos  in 
v-xperinentally  recorded  ncobrano  potential  signals. 
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OlSSfPATIVe  ST<njChJR€$  AS  VtHiaCS  FOR  KACROMOLCOAAR  TRAVSFOftT, 

8.W.  Pretteo.  v.O.  Copper,  C.  T.C.  Oept.  e# 

Slochenistrir,  tVilv.,  Clayton,  Vlc«,  Austrnlfa. 

rinpsr-IUe  llo«  structjfe*  (disafeative  jtryctwrM)  m-ty  davviep  ort 
tNo  tcraatlon  of  fr««  llqgld  boundsTlet  In  concentrated  ■ultleot^onent 
a^oeoua  ayatoQ  eontafnln^  concentration  ^radiants  of  polyeerlc  aoltftea. 
These  convective  structures  rove  at  rates  In  excess  of  10  m/hr  and  any 
act  as  vehicles  for  tne  rapid  transport  of  nlgn  ftolecular  velqht  solutes, 
cells  and  colloidal  particles*  The  nature  of  the  phenonena  Is  such  that 
cognter.curfent  flous  are  ebserved  elloulnj  for  slaultaneous  transport  of 
•atartal  In  opposing  directions*  The  observed  transport  of  is»croinoiaoular 
species  Is  Increased  up  to  x  10^  norMl  diffutlonal  rates  whilst  the 
behaviour  of  low  (Qfecular  «el^t  solutes  re>Mlns  relatively  'AMttered* 

Wa  have  proposed  that  the  fornatlon  of  the  structures  is  a  aultl*step 
process*  The  Initial  step  has  been  danonstrated  to  Involve  the  *or«atlo>h 
of  a  local  density  Inversion  at  the  boundary  due  to  cross  (couffedl 
diffusion  befveen  solutes*  The  cross  diffusion  between  pqlytieric  solutes 
Is  prinarlly  due  to  excluded  volune  Interactions*  The  relationship  of  the 
type  of  boundary  Interface  (whether  diffutlonal  or  countercurrent  strwo* 
tured  flMl  to  the  na^nltude  of  the  diffusion  mdiafed  Inversion  and  the 
nature  of  the  aolecular  Interactions  have  bean  Investigated  In  o  nu<er  of 
different  systems  having  direct  blolojloal  Interest*  v«o  have  demonstrated 
the  formation  of  dissipative  s.ructures  In  system  undarsoing  (a)  enayalc 
depolymrisatlon,  (b)  self  ejoregatlon  end  <c)  association-dissociation 
reactions*  (IJ  Preston  Nature  (1990),  <2)  Comper  and 

Preston,  Blochem.  Int*  2/  (1931),  (})  Comper  end  Preston,  Adv.  Polya. 

Scl*  11990,  «)  Series  of  papers  on  the  phenomenology,  Preston  et 

el,  /i  Rhys*  Chen*  6<9-ddl  (1933)  and  on  tha  mechanise,  Comper  et  el, 
J.  Phys*  Chen.  6d7  0  933),  end^  0930. 
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BIOLOGICM  SIKUemeS  .VS  A  Rt;3UL7  OF  A  COLLLCTIVE  DY^iVlICS 
S.  Doglia,  t.  Del  Giudke  and  M,  Milani,  Dcpartiaent  of 
fKysics  of  the  University,  Via  Celoria  16,  Milan,  Italy. 

A  d;Tua)ical  description  of  biological  systems  at  a  micro- 
scopic  level  responsible  for  ordering  nroccsses  is  presented. 
The  collective  s^t^Ics  of  the  system  is  alternatively  con» 
serv’ative  (vibrational  solitons  on  biomolecular  chains)  ojkI 
dissipative  (coherent  electric  polarization  wves).  Iho  dis* 
bipativc  dyn^ics  provides  a  mechanism  for  the  spontaneous 
prcihiction  of  ordered  structures  in  living  sysvcos,  Tvo 
specific  cases  t«ill  be  considered:  cytoskcleton  stiuctures 
in  cell  c^toplasac  and  rouleaux  fonaation  among  erythrocytes 
mediated  oy  polymer  fonaation.  Polymerization  process  of 
actin  and  fibrinogen  will  be  discuss(^l  in  terms  of  nonlincari 
tics  in  the  refractive  index  of  the  modim  (Kerr  Birefrin¬ 
gence  of  Donoraersj;  ihc  organization  product  in  the  systese 
is  the  con.'^ence  of  non  linear  propagation  of  coherent 
electric  waves  (self  focusing)  and  of  the  indiced  pondcro- 
laotive  forces.*  ,  , 

1.  L.Dcl  CludIce.S.Doglia,  M.Milanl:  "A  Collective  Dynamics 
of  ^tabolically  Active  Cells",  Physica  Scripta  26.232(*B2) 

2.  E.Del  Ctudicc,  $.Doglia,  M«.'lilani:"Actin  Polymerization  in 
Cell  Cytoplaboc"  in  the  Application  of  Laser  Light  Scatter 
ing  to  the  Study  of  Biological  M3tion,  cds.J.C.Lamshow  i 
M.K.  Steer,  Pleiwa  (19S5). 

5.  E.Del  Giudicc,  S.Doglia,  fl.Mtlajii:  "Self-focusing  of 
Frbhlich  Kaves  and  Cytoskcleton  Lbr^ics",  Phys.  Lett. BOA, 
101  (i9S2). 
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NEW  TVPES  OP  DISSIPATIVE  STRUCTURES 
V.I.Krlnsky,  K.I.Agladzc,  A. V. Panfilov,  A.M.PertsoV 
A.N,^uden)co,  Inst.  Biol.  Physics  USSR  Acad.  Sci., 
142292  Pushchino,  USSR 

The  dissipative  structures  on  two-  and  three- 
dimensional  active  media  have  been  studied  experi¬ 
mentally.  The  following  patterns  have  been  found 
in  thin  layers  of  a  chemical  active  medium: 

1)  Multiarmcd  rotating  vortices  with  the  topologi¬ 
cal  chatge  N»2,3  and  4.  They  proved  to  be  stable, 
the  rotation  being  observed  up  to  complete  exhaus¬ 
tion  of  the  chemical  reagents.  The  decay  of  a  vor¬ 
tex  with  N«2  into  two  simple  vortices  was  also 
observed.  2)  Chaotic  structures  produced  by  proli¬ 
ferating  vortices  when  interacting  with  the  stati¬ 
onary  hexagonal  convection  cells.  Numerical  calcu¬ 
lations  of  a  three-dimensional  active  mediitm  de¬ 
scribed  by  the  Pitz-Hugh-Nagumo  equation  resulted 
in:  3)  Twisted  scroll.  It  is  unstable  in  a  homoge¬ 
neous  medium  and  degrades  rapidly  to  a  simple  one. 
In  a  nonhemogeneous  medium,  the  twisted  scroll 
becomes  stable,  its  filament  being  directed  down 
the  parameter  gradient.  4)  Scroll  ring,  it  turned 
out  to  be  unstationary,  the  shortening  of  its  thre* 
s^d  and  the  drift  along  the  symmetry  axis  being 
observed,  5)  Twisted  scroll  wave  with  similar 
properties. 
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CHAOS  AND  OTHER  TEMPORAL  SELF-0RGANI2ATI0NS  IN 
COUPLED  ENZYME-CATALYZED  SYSTEMS.  Li  Yue-xian, 

Ding  Da-fu  and  Xu  Jing-hua, Shanghai  Institute  of 
Biochemistry .AcademTHsInTca « Shanghai ,  China . 

This  paper  is  a  study  of  the  dynamic  behaviours 
of  the  coupled  biochemical  model  systorovs  containing 
two  instability  generating  mechanisms.  The  system, 
we  studied  in  detail  (Consists  of  two  allosteric 
enzymes  coup’cd  in  series,  the  first  is  inhibited 
by  Its  substrates  and  second  activated  by  its  pro¬ 
ducts.  it  can  exhibit  all  known  patterns  of  tempo¬ 
ral  self-organization:pcriodic  oscillation, bista¬ 
bility, hard  excitation, birhythmicity, periodic  dou¬ 
bling  bifurcation  leading  to  chaos,  etc..  The  rela¬ 
tionship  between  these  m^es  of  dynamic  behaviour 
is  analyzed  as  a  fuiiction  of  the  control  parameter. 
All  the  four  possible  combinations  of  the  two  in¬ 
stability  generating  mechanisms  are  discussed  and 
the  reason  is  given  to  how  the  instability  mechan¬ 
isms  cooperate  to  induce  these  behaviours.  The 
fact  that  three  out  of  the  four  systems  are  able 
to  exhibit  such  phenomena  shows  that  these  behav¬ 
iours  are  of  frequent  occurence  in  coupled  enzyme 
catalyzed  systems , 
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ABNORHAL  RESPONSES  AND  CHAOS  IN  EXCITABLE  KEKBRANE  MODELS 
T.R.  Chay.  Oepartinent  of  Bfoloqfcal  Sciences,  University  of 
PTusBurgh,  Pittsburgh,  PA  USA. 

Using  the  Kodgkin>Huxley  type  Rodel  of  neurons,  a^cells, 
and  ctyocardial  fibers,  we  have  studied  periodic  as  well  as 
aperiodic  behavior  in  the  self'Sustained  oscillations. 

Nusterical  solutions  reveal  a  variety  of  patterns  in  response 
to  variation  in  temperature,  Ionic  compositions,  chemicals, 
and  the  strength  of  applied  depolarizing  current.  These 
include  regimes  of  repetitive  beating  and  bursting  nodes 
and,  in  the  transition  between  these  nodes,  aperiodic 
responses.  We  have  analyzed  the  chaotic  pattern  formation 
wid)  a  bifurcation  analysis.  We  have  also  studied  it  in 
the  context  of  a  one*variable,  discrete-time  representation 
of  the  dynamics,  *This  work  was  supported  by  NSF  PCM82 
15583. 
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A  STOTT  OP  THE  IMPIUBHCBS  OP  A  SORPACTAHT 
(SODIUM  DBSOXYCHOLATS)  ON  IIPOSOMB  KiJMBRHES  MADE 
PROM  EGG  70LE  LECITHIN 
P.H.Vang.DoPartnent  of  Bioeo^ineering, 

HuaSEong  University  of  Science  and  Technology, 
Vuhan,  Hubei,  China. 

A  recent  adva^jce  In  aeabrane  research  is  the 
discovery  that  Ca^^lons  can  Induce  the  liposoaes 
to  take  a  helical  fora,  and  that  surface  active 
substances  such  as  T^-lton  x-100,Tveett-80,etc.can 
Induce  liposoaes  to  readily  fora  tubular  and  he¬ 
lical  structures.  Ve  report  here  that  eodiua 
deso3ycholate,a  surfactant  which  exists  In  bile, 
can  also  Induce  the  liposoaes  aade  froa  egg  yolk 
llclthin  to  fora  helical  structures. Due  to  the 
sliding  novenent  between  the  two  irlnding  tubes 
of  a  double  helix, the  siaple  helical  liposoaes 
can  growing  slowly  to  fora  coaplicated  helical 
and  superhelical  liposoaes, or, growing  in  another 
way,  it  can  unlace  the  helix.  The  surfactant, l.e. 
eodiua  deeoxycholate  influences  differently  froa 
Ca^^tbecause  sodiua  desoxycholate  lapels,  or  pro- 
Botes,  increased  fluidity  of  the^ aeabrane.  This 
conclusion  is  consistent  with  NMR  findlngs.ln 
this  paper  the  author  presents  his  hypothsis  that 
lipid  nolecules  circulate  cn  the  place  of  the 
aeabrane’ln  given  eonditione. 


^14p1D  PEROXIDATIOS  AKD  PLUIDITY  OF  TWlOUR  KEKBRAKES. 
"CKatotti,  P.  C«v4tortfl.  C.  $«rtor,  M.B,  FtrrJrl,  C.  ZinnO' 
ni*i  T.  CaWotti*,  !nst.  Biol.  Ch«Biitry,  Univ.  ?«rtsa,  Vi« 
GrAascl  U,  P^xdJi  ]t4ly,  *!n$(.  Fhyslo.  Cheeistry,  I’niv. 
Bolotn**  V.le  R1 sorginento,  Bolognt,  lt«lv,  *Tst.  C«n. 
Pathol. ,  Univ.  C«(toli<«,  Ur^o  F.Vlto,  Rosa.  Ttaly. 

^antitatScn  atudlca  of  the  ohange  In  seehrane  atrvctute 
Indgeed  by  peroxidation  v«re  carried  out  on  sicrcsoncs 

icolatcd  froB  the  fart  grovlns  Norris  hepatosa  392t  and  rat 
liver  used  a$  control.  Peroxidation  vas  induced  by  usln^ 
xantlne  oxidare.Keebrane  fluidity  vas  evaluated  by  ceaturlng 
static  fluorescence  anisotropy  (r)  and  fluorescence  Ixfetiee 
of  DPH  incorporated  into  the  eeebranes.  After  5  and  10 
eirutes  of  peroxidation  the  correlation  tiae  of  DPH  in 
control  oeabranes  vas  notlcesbly  increased.  As  for  tuccur 
sfrbranes.  different  anisotropy  values  vere  observed  in  the 
conditions  of  peroxidation  used.  Fovever,  the  contribution 
of  the  lifetlees  in  the  equation  used  to  evaluate  the  corre* 
Ution  tices  virtusllv  cancelled  such  differences,  tnat  it 
no  difference  in  fluidity  could  be  calculated  for  cueour 
oenbranes.  These  findings  point  out  the  ieportance  of  life* 
tiee  deteraination  in  evaluating  dlnaolc  paraceters  of  bio¬ 
logical  reobranes.and  the  inadequacy  of  static  eeasurerents 
of  r  alone  for  the  sace  purposes.  Finally  DPH  correlation 
tiae  increases  vlth  the  degree  of  peroxidation  of  serbranet 
underlining  the  inportanee  of  this  biological  proceis  in 
deteraining  order  and  fluidity  of  the  ceabranes. 


PHASE  BEHAVIORS  OF  SATURATION  TRANSFER  ESR  SIGNALS  AT  HIGH 
MICROWAVE  FIELD 

H.  WATARI  and  Y.  SHIKOYAKA*  Dopt.  Molecular  Ph/srol.,  Kati 
Inst.  Physiol.  Sciences.  Okazaki  ed4,  Japan  and  *Dept. 
Physics.  Hokkaido  Univ.  of  Education.  Hakodate  040,  Japa.n. 
Spin  labeling  electron  spin  resonance  (ESR)  spectroscopy  has 
been  widely  applied  to  study  rolecular  ".otion  of 
bloftolecuHs.  Saturation  transfer  (ST)  spectroscopy  has  been 
developed  using  adiabatic  rapid  passage  technique  to 
investigate  nolecular  notion  having  a  rotational  correlation 
tiae  slower  than  the  rigid  liait.  The  phase  behavior  of  ESR 
spectruo  is  studied  using  the  second  harconic  absorption  W.; 
spectruffi  of  the  spin  label  (2,2,6,6-tetraaethyl-pipcridine- 
1-oxyl)  in  glycerol-water  solution  at  roon  tenterature.  In 
this  conditions  the  observed  ESR  spectia  are  in  the  fast 
tumbling  doaaln.  which  is  not  the  usual  ST-ESR  regire.  Upon 
application  of  an  intense  aicrowave  field  (0,508  G),  a 
pronounced  nonzero  component  is  observed  at  the  aodulation 
phase  where  the  peak-t^peak  ajaplltudc  is  expected  to  be 
zero.  This  cooponent  Is  the  ST  spectruo  which  is  latent  at 
the  phases  giving  intense  V.  signals.  A  single  integration  of 
the  obtained  spectruo  yields  a  significant  integrated  value, 
as  reported  by  Evans.  However,  this  integrated  value  is  found 
to  vary  in  a  sinusoidal  nanner  when  the  angle  of  the 
instruncntal  phase  changes.  A  phase  discrepancy  is  obtained 
to  be  70  degrees  between  the  variations  of  the  peak-to-peak 
aoplitude  and  the  integrated  value.  This  fact  Indicates  that 
the  phase  is  varied  with  the  aoplitude  by  changing  the 
c  field.  These  led  to  the  concept  of  vector  ESR. 


RAKE  FXUZDin  HAY  BE  SPECIFICALLY  STUDIED  IN 
ACT  LIVING  CELLS  USING  NON-PERKANANT  FLUORESCENT  PROBES 
SUai  AS  TMA-DPH 

G.  UUSTRIAT.  C.  DUPORTAIL  and  J.G.  KUHRY.  Uboratoire  de 
Physique^e  I'U.B.R.  des  Sciences  Phamaccuciques.  Equipe 
dc  Recherche  AssocUc  au  C.N.R.S.  (N*  551),  B.P.  tO. 

67048  Strasbourg  Cedex,  France. 

Fluorescence  intensity  aeasurcaxnts  and  fluorescence 
aicroscopy  data  shoved  that  TKA-DPH  (triDethylaaaoniua  diphe 
nylhexatriene) ,  a  cationic  derivative  of  the  fluorescence 
polarltatioa  probe  DPH.  has  a  considerably  different  beha¬ 
vior  in  L929  cultured  cells  than  does  its  parent  Dolecule. 

Xo  constrast  to  DPH,  it  incorporatca  very  rapidly  in  the 
plasaa  Dcaibraoes  of  the  treated  cells,  and  reaalns  specifi¬ 
cally  localised  on  the  cell  surface 'for  about  30  ain.,  thus 
yielding  specific  inforaatioo  on  the  plasaa  eedbrane  fluidi¬ 
ty.  Interpretation  of  the  results  oust  nevertheless  take 
into  account  that  THA-DPH  is  not  totally  incorporated  into 
the  BCt^rane  during  the  cell  treataent  and  that  an  equili- 
briuia  takes  place  between  the  free  and  bound  foras  of  the 
probe. 


DIRECT  VS.  X.SDIKECT  IfFEX^TS  OF  PEG  AVD  DEXTRAN  ON  LIPOSOME 
GROWTH.  R.I,  MacDonald,  Dept,  Dfochen.,  Mol.  Ulol,  and  Coll 
Biol.,  Northwestern  Univ.,  Evanston,  IL  60201,  USA. 

Tills  study  was  begun  tq  dotomino  whothor  tho  cocecnly 
used  coll  fusogon,  polyethylene  glycol  (PEG),  fuses  ecosbrancs 
by  interacting  with  thca  directly  or  indirectly— e.g«,  by 
dehydrating  tho  sieabninos.  Fluid  phase,  phosphatidylcholine 
vesicles  in  10  sM  IDPS,  pii  7,  labeled  with  tho  fluorescence 
energy  transferring  probes,  danayl  P£  and  Dil-C  ^  or  RhPE, 
were  nixed  with  unlobeled  vesicles  and  exposed  (o  various 
concentrations  of  1^,000-20,000  H  PEC.  Llposanes  wore 
either  nixed  directly  with  the  PeS  solutions  or  dialyzed 
against  Iho  PEG  solutions.  After  dilution  with  10  bM  )K)PS, 
PEG-treated  vesicles  wore  neasured  for  fluorescence  energy 
transfer  and  absorbance  at  400  m  to  assess  vesicle  growth. 
Llposooes  grew  to  tho  sane  extent,  whether  directly  nixed  or 
dialyzed  against  PEX»  solutions.  Llnit-senicated  vesicles 
grew  More  than  uni-  to  paucilaaellar,  120-140  rw  vesicles, 
which,  in  turn,  grew  not^  than  nuliilanoUar  vesicles.  Since 
PEG  could  fuse  acabranes  by  interacting  with  thea  indirectly, 
experinents  were  repeated  with  another  polyner  with  sinilarty 
high  osnotic  activity  ar»d  inperaeanco  to  dialysis  tubing— i. 
e.,  40,000  H  dextran.  Energy  transfer  and  turbidity  iiea- 
surments  revealed  that  vesicles  dialyzed  against  dextran 
grew  as  auch  as  \oslclos  exposed  to  PDG  but  aore  than  those 
exposed  to  dextran  by  direct  aixing.  This  result  indicates 
that  dextran,  unlike  PEG,  ran  interact  directly  with  vesicles 
to  irdilblt  that  growth  which  its  high  osnotic  activity  would 
otherwise  induce*  Electron  aicroscopy  of  the  various  vesicle 
prej>arations  corroborated  theae  findinnit. 
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TR^NSfJlTlOHAL  DIFFUSION  OP  LARGE  INTEGRAL  PROTEINS 
"TO ARTIFICIAL  PHOSPHOLIPID  BILAYER  MEMBRANES. 

W.  L.  C,  Vat,  Nox-PlancK'Institut  CUr  blophysikal- 
lscKc~cKcmIo,  G3ttln9cn,  F.  R.  G. 

Tho  fluorescence  recovery  after  photoblcachlng 
technique  has  been  uscU  to  study  the  translational 
diffusion  of  sc ’oral  intcqral  nembrano  proteins  in 
phospholipid  bllaycr  membranes  in  tho  liquid 
crystalline  phone.  Tho  proteins  examined  were: 
qlycophorin  (1),  bovinf  rhodopsin  and  sarcoplasmic 
reticulum  ca^'*^*«''TPasQ  (2) ,  ocotylchollne  receptor 
in  its  monomeric  and  covalently  cross'-linkcd 
oligomeric  forms  (3,4),  and  wheat  germ  agglutinin- 
aggregated  glycophorin.  The  translational  diffu¬ 
sion  coefficients  for  all  of  the  above  proteins 
fall  In  tho  ranne  of  1*<  x  10*^  aa^/s  (maximum 
temperature  exouined  vas  370c) .  Tho  range  of  radii 
of  theso  proteins  in  tho  plane  of  the  membrane  is 
between  'ul  and  ^6  na.  This  experimentally 
observed  weak  dependence  of  tho  translational 
diffusion  cooffaclcnt  upon  tho  diffusing  protein 
radius  confirms  the  prediction  of  tho  continuum 
fluid  hydrodynamic  m^ol  of  Saffaan  (D)  for  the 
diffusion  in  thin  viscous  fluid  shoots. 

(1)  Vaz,  H.  L.  C. ,  ot  ol  (1981)  Biochemistry  20, 
1392;  (2)  Vaz,  H.  L*  C.  et  al  (1982)  Biochemistry 

21,  S608;  (3)  Criado,  M.  ct  ^  (1082)  Biochemistry 

S750;  (4)  Vaz,  H.  L.  cT,  4  Criado,  H.  (1984) 
submitted;  (5)  Safffaan,  P.  G.  (1976)  J.  Fluid  Mcch 
73,  593 
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RBC  DEFOB.MABILITY  EVALUATION  BY  VISCaMETRY  AND  FILTRATICN 
REUTED  TO  MORPHOLOGICAL  RBC  CHANGES. 

C.  Lacoabe,  C.  Bcrling,  C.  Buuhcrcr  and  J.C.  Lclii^vrc,  Unit6 
de  Biorh^ologie,  D$partca«nt  de  Biophysi^ue,  CHU 
pecrl&re»  Paris,  France. 

The  aio  of  this  paper  is  to  coaparc  t<ro  acthods  to  quan* 
Cxfy  RBC  (Red  Blood  Cell)  deforoabllity,  viseoaetry  and  fil¬ 
tration,  for  stored  RBC  and  artificially  aodified  RBC. 

(i)  viscoaetry  :  rheological  experioonts  arc  perforecd 
vith  a  servo  control  Couette  viscoecter  type  device  with  co¬ 
axial  cylinders.  It  allows  to  record  the  shear  thinning 
curves  in  the  range  0.01  s"^  to  25  s~  .  Viscosetric  data  arc 
analysed  by  acans  of  phenoaenological  rheological  eodel 
which  gives  an  Index  of  deforsability  Ov. 

(ii)  filtration  :  we  use  Hanss'hcoorhcoaetcr.  The  re¬ 
sults  are  given  in  tera  of  a  filtration  index  Df. 

This  study  was  carrying  out  on  the  following  blood 
saaples  : 

-  blood  sasples  stored  as  packed  cells  in  CPD 

-  blood  saeples  artificially  aodified  by  an  cchioocytic 
agent. 

The  indices  of  deforaability  Ov  and  Df  are  coapared  and 
interpreted  according  to  norphological  RBC  changes  control¬ 
led  under  eicroscope. 
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^11©ILS  OS  HIE  MELA-SOSCMM  MEMBRA.VE  FROM  BCVINX  EVES 
E.f^sali,  P.C^v'atorta,  P.R.Crippa,  E. Ferrari,  A.S.Ito,  G.Sar 
to.*  and  A.Vecli,  Departsaent  of  Physics  and  Institute  of  Bio¬ 
logical  CRMustry,  University  of  Parma,  Italy. 

Pure  nelanosccal  merforanes  were  obtained  for  the  first 
time  in  order  to  study  both  their  coiqx)sition  and  physical 
properties  by  fluorescence  spectroscopy.  Purified  rolanoso- 
rcs  frora  eye  tissues  were  separated  by  sucrose  gradient  cen¬ 
trifugation  and,  after  rapid  dccoepi'cssion  in  Syt  it  was 
pwsiblc  to  isolate  iJieir  ncribranes,  as  verified  by  electron 
microscopy. 

After  incorporation  of  the  probe  UHi,  we  studied  both 
the  static  fluorescence  anisotropy  and  the  fluorescence  time 
decay  in  the  teeperature  range  10-40®C.  The  emissicm  decay 
curves  were  fitted  by  a  non  linear  least  square  method  witii 
a  two-exponential  decay  with  the  principal  coqponent  showing 
an  half  life  or  about  10  ns. 

The  fluorescence  anisotropy  and  the  nicroviscosity  calqt 
laied  by  a  Perrin-tjpe  equation  have  given  values  decreasing 
nonotonically  vs.  the  te&pcraturc,  cocparablc  with  previous 
data  obtained  with  other  biological  inecbrancs. 
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'•^gTAJIpt^AL  HOTIOU  OF  HUMAN  RED  CEU,  MFilBRANE  PROTEINS 
N^a^vaata,  Y.Kawasaki  and  T.Saltoh,  Mitsubishi-Kasci 
institute  of  Life  Sciences,  Machida-shi,  Tokyo,  Japan 

Rotational  motion  of  the  rrorbranc  proteins  of  hatkan  red 
cell  was  studied  by  delayed  fluorescenoi  anlsotr<^  decay 
method.  Red  cells  wore  collected  from  freshly  drawn  blood 
and  labelled  with  eosin  malcinidc.  Label  led  ghosts  were 
obtained  by  lysing  the  laoelled  cells  in  a  hypotonic 
solution.  Delayed  fluorescence  was  generated  with  a  Ho 
laser  pumped  dye  laser  as  an  exciting  pulsed  light  and 
detected  with  a  gated  photonultipl  icc  and  recorded  in  a 
multichannel  analyzer. 

Delayed  fluorescence  anisotropy  was  studied  under  various 
physical  conditions  and  in  the  presence  of  various  drugs. 
Several  drugs  were  found  which  strongly  affect  the 
rotational  motion  of  the  labelled  protoiriSi  mainly 
consisting  of  band  3  proteins  ),  Triton  X-100  strongly 
affects  the  rotational  motion  of  the  protein  in  peculiar 
way.  In  the  presence  of  0.011  Triton  the  rotational  motion 
is  slightly  enhanced,  whereas  at  0,0351  the  proteins  scoxd 
to  be  imobile  in  the  time  range  of  5  msec.  In  the  presence 
of  0.U  Triton,  the  anisotropy  decayed  quite  rapidly  after 
the  excitation.  From  these  results,  it  was  suggested  that 
at  0.01L  Triton,  the  membrane  protein  motion  is  enhanced 
slightly  within  the  merrbrane  and  at  0.035)  they  are  enabled 
to  migrate  within  the  membrane  and  aggregate.  At  0.1% 
Triton,  the  membrane  proteins  are  mostly  soldbilizcd. 


FFFFCT  OF  CATIONS  AND  OF  FRFE2F.-THAWING  ON  AN  A<1VF0VS  SUSFFH 
SION  OF  PHOSPHOLIPID  UNILAKFLLAR  VFSICLFS.  C.  Undry*,  H. 
Correia.  R.K.  Leblanc*  and  J.  AKhion.  DeparCeoent  de  Bora- 
nique  (6-22),  U  of  Liige,  Belgium  and  *CRP,  UQTR,  Trola- 
Rividrea,  Qufbcc,  Canada. 

la  the  presence  of  di-  or  trl-valent  cations  at  room 
tesperature,  the  average  size  of  aiolectin  vesicles  suspen¬ 
ded  in  vatar  increases  (as  shown  by  turbidity  seasuresents 
and  aepharose  filtration).  By  contrast,  phosphatidylcholine 
(PC)  vesicles  remain  unchanged  in  the  same  conditioni.  Since 
the  PC  vesicles  have  a  net  superficial  charge  of  0,  it  is 
hypothesized  that  isoleetin  vesicles  bear  a  negative  super¬ 
ficial  cnargt  and  that  cations  neutralize  the  charges,  lea¬ 
ding  to  vesicle-aggregation. 

The  possibility  of  socm  perturbation  of  the  aqueous  halo 
of  the  vesicles  is  not  to  be  excluded  because  a  cycle  of 
freete-thaving  of  the  suspensions  (liquid  N|  then  room  Cer- 
peratura)  also  leads  to  an  Increase  of  the  veslcle-aiz *; 
the  freere-thav  affects  siailarly  asoleetln  and  PC  vesicles. 
Moreover,  glycerol  protects  the  vesicles  against  such  a 
treatment  and  monovalent  cations  (ineffective  at  room  tenpe- 
rature)  enhance  the  effect  of  the  freezing  and  thawing.  Such 
results  do  not  preclude  that  the  size-increase  of  the  vesi¬ 
cles  is  due  to  eeabrane  fusion  instead  ot  aggregation. 

Acknovledgeneats  :  Due  to  Belgian  I.R.S.I.A.,  to  Che  Bet- 
gian-qufbec  cooperation  and  to  Che  Actions  Coocertdts  de 
TEtat  Beige. 
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tm  AND  SPECTROFI.UORIKETRIC  STUDIES  OF  GARMA-IRRAOIATEO  MODEL 
AND  NATURAL  MEMBRANES. 

F.Ianzini,  L.Guidoni,  P.L.Indovina,  V.Viti 

Laboratorio  di  Fisica,  Istituto  Superiore  d1  SanUA,  Rosa 

Italy 

In  recent  years  mesbrane  dar^ge  by  ionizing  irrcdiation 
has  been  suggested  as  partially  responsible  for  cell  death 
(1). 

Reported  and  discussed  herein  are  some  chemical  and  struc* 
tural  modifications  Induced  in  synthetic  phosphatidylcholine 
rrultilayer  liposomes  and  erythrocyte  ghosts  after  y-irradi- 
ation.  Changes  in  DPH  probe  fluorescence  properties  arc  re¬ 
ported,  e.g.  DPH  fluorescence  anisotropy  increases  in  lipo- 
sores  (2)  and  decreases  in  erythrocyte  ghosts.  Conducted 
and  NMR  studies  of  free,  bound  and  trapped  water  indicate 
that  /-irradiation  Induces  variations  In  dynamic  structure 
and  quantity  ratios. 

Changes  at  bilayer  surface  and  within  the  hydrophobic 
core  of  meffbranes  are  also  reported  and  discussed. 

References  .. 

1)  A.Cole-Proc,  7^"  International  Congress  of  Radiation  Re¬ 
search.  B3/R  Amsterdam,  July  3-8,  1983. 

Z)  F.lanzini,  L.Guidoni,  P.L.Indovina,  V.Viti,  G.Erriu, 
S.Onnis,  P.Randaccio-Radiarion  Research,  In  press. 
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SLOV  MOTIONAL  DOMAIN  IN  THE  ORIENTED  HULT^BILAYERS  AS 
REVEALED  BY  SATURATION  TRANSFER  ESR  SPECTROSCOPY 
Y.  Shlnoya.-^^  and  H.  Valarl*  Department  of  Physics,  Hokkaido 
University  of  EUucstlon,  Hakodate  040,  Japan,  and  *Depart*enll 
of  Molecular  Physiology,  National  Institute  for  Physiological' 
Sciences,  Okazaki  444,  Japan. 

The  saturation  transfer  electron  spin  resonance  (ST-ESR) 
spectra  was  successfully  applied  to  the  spin  labeled  oriented 
nulttbllayer  neebranes  of  egg  yolk  phosphatidylcholine 
(EYPC),  dlpalnttoylphosphalidylchollnc  (DPPC)  and 
dlnylistoylphcsphatidylchollne  (DXPC)  in  order  to  explore 
nolecu^ar  order  and  oiotlon  of  the  llptd  aesbrane 
organisations.  The  Spectra  varies  with  an  angle  between  the 
seabrane  film  surface  and  applied  aognetlc  field,  yielding 
Utal  the  lipid  aenbrone  foras  two-dlBenslonal  layered 
structures.  the  motional  parameters  were  characterized  by 
neans  of  the  relationship  between  the  peak  height  ratio  and 
rotatioTial  correlation  tlee.  In  the  case  of  DPPC  oriented 
s>vUibllayers,  correlation  tlses  at  temperatures  below  the 
gel-«lquld  cryetaUlne  phase  tran&.ltlon^j>olnt  (^.  313  K) 

were  found  to  be  In  the  the  range  of  10*’*  to  10*®  sec.  The 
lipid  Xkotion  In  the  EYPC  nultibllayer  •cabranes  at 
le-iperaturea  between  233  K  to  2^3  K  was  detcratned  by  the 
correlation  ti'ses,  obtaining  the  sa»e  range  as  DPPC  oeabranes 
below  the  transitior,  point.  The  integration  leethod  has  been 
developed  in  ord'^r  to  deteraiiie  the  dynaaical  behavior  of  the 
lipid  enserble  In  the  oriented  ncabranes.  Upon  addition  of 
cholesterol,  an  antsotroplc  structure  cf  correlation  tiaes 
was  found  in  the  gel-i^se  of  the  DMPC  aultlbllayer 
neabranes. 
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RED  BLOOD  CELL  SHAPES 

6.  2ekS  and  S.  Svetina*  Institute  of  Biophysics,  Medical 
Faculty  and  J.  Stefan  Institute,  Ljubljana,  Yugoslavia 
A  normal  red  blood  cell  Is  of  a  discocyte  shape  and 
changes  its  form  under  the  influence  of  various  agents  into 
stooatocytes,  echinocytes,  etc.  The  bilayer  couple  hypo¬ 
thesis,  which  assuises  that  the  cell  membrane  consists  of 
two  monolayers  which  are  tightly  connected  but  can  slide 
over  each  other  has  been  used  to  study  these  transforma¬ 
tions.  The  shape  of  the  cell  is  determined  by  minimizing 
the  membrane  elastic  bending  energy  at  constant  membrane 
area  (A),  constant  difference  of  the  areas  of  the  outer  and 
inner  monolayers  (aA)  and  constant  cell  volume  (V).  The 
discocyte  shape  corresponds  to  the  absolute  minimum  of  the 
elastic  bending  energy  and  physiological  V  and  A.  A  de¬ 
creased  aA  Induces  a  discocyte-stomatocyte  second  order 
phase  transition  and  an  increase  In  aA  should  lead  to  echi- 
nocytes.  The  agents  acting  on  the  red  blood  cell  by  changing 
aA  affect  both  the  shape  of  the  cells  and  their  hemolytic 
properties  because  of  the  indirect  effect  on  the  maxium  cell 
volume  (Vq).  The  proposed  model  elucidates  the  mechanism 
causing  the  difference  between  the  fast  and  slow  hemolysis. 
For  fast  hemolysis  aA  is  fixed  and  Vq  is  smaller  than  the 
volume  of  a  sphere  (V^)  with  given  A,  while  on  a  larger  time 
scale  aA  can  adjust  to  its  minimul  energy  value  and  hemo¬ 
lysis  starts  at  V  B  Vj. 


ZH  THE  EXCITED  STATE:  TXKE-RESOLVEO  FLUORESCENCE  ZK 
DZFHENYLHEXATRIEHE  (DFH). 

A.C.Sgabo.  P.  Cavatorta«  C.  Zannoni/  L.  MasottlfS.  Yasashlta. 
Oiv.  Biol.  Sci.«  Nat.  Res.  Council.  Ottawa  Canada. 

The  polyene,  all  trans-DPlI  has  been  used  extensively  as 
a  fluorescence  probe  of  lipid  and  me&brane  struc.cure.  Zt  is 
inportant  that  its  excited  state  properties  be  satisfactorily 
elucidated  In  order  to  correctly  interpret  experiaents  in 
which  it  is  used  as  a  probe  of  lipid  ordei‘  and  dynaaics.  We 
have  conducted  fluorescence  decay  experiaents  to  determine 
the  Jcinetics  of  the  singlet  state  deactivation  processes  of 
OPH.  Zn  non-viscous.  non-polar  solvents  DPK  fluorescence 
decays  with  single  exponential  kinetics.  Zn  viscous,  non¬ 
polar  solvents  the  fluorescence  decays  with  double 
exponential  kinetics,  with  the  pre-exponential  of  one  tera 
having  a  negative  value.  These  results  indicate  that  DPH 
is  twisting  in  the  excited  state  and  that  this  twisting  is 
affected  by  the  viscosity  of  the  aedioa.  Cosparable 
experiaents  have  been  conducted  with  DPH  in  liposoees  and 
SUV's  of  CNPC  and  DPPC.  The  results  show  that  in  the  gel 
phase  .bilayers  the  DPH  probe  is  unable  to  undergo  this 
twisting  Dotion.  These  results  will  be  presented  and  the 
implications  for  DPH-aesbrane  studies  will  be  discussed. 
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s^EFFECT^^^^SKOURITY  AND  CELL  SHAPE  ON  LIGAND  DIFFUSION  AND 
'^irrClNG  TO  ItffRAERYTHROCYTIC  HEVOGLOBIM. 

M.  CQLETiA^.S.  GlardlnaS.G.Affllconl^.M.Bnjnori^P.CuaUJcrl^ 
and  P.A.Benedettl^;5  Center  for  Molecular  Biology  CNR,  Inst, 
of  Chemistry,  Fae.  of  Xediclne.  I  Univ.  of  Roce  "La  Sapienta" 
Rone?  and  i  Inst,  of  Biophysics,  CNR.  Pisa  -  ITALY. 

The  diffusion-controlled  rate  of  CO  binding  to  intraery- 
throcytic  henoglobln  has  been  studied  In  single  red  blood 
cells  using  a  scanning  Dlcrcspectrcphctcneter.  In  order  to 
Investigate  the  effect  of  Intracellular  heacglcbln  concentra¬ 
tion  and  cellular  shape  on  the  kinetics  of  CO  binding,  atasu- 
reeents  have  been  carried  out  at  different  osootlc  pressures, 
using  red  blood  cells  from  Canelue  drooedarlus.  These  ery¬ 
throcytes,  which  are  smaller  than  hunan  red  cells  and  have  a 
different  shape,  are  known  to  reoaln  intact  oven  at  an  osoo- 
larity  6  tlecs  lower  than  isoostsotlc  conditions  (280-290 
nOso/U,  spelling  up  to  twice  their  ncmal  voluae. 

The  results  show  that  for  these  erythrocytes  diffusion  of 
CO  through  an  unstirred  layer  of  solvent  around  the  cell  ae*- 
branc,  proposed  to  be  the  naln  rotc-llaltlng  step  for  the 
reaction  of  ligands  with  intracellular  hcAoglobln  in  huaan 
red  blood  cells,  nay  not  be  the  only  factor  which  alfects 
the  CO  binding  kinetics  to  Intraerythrocytlc  heaoglobln  in 
fwWilood  cells. 


TJffiJpr&T  OP  AQUEOUS  PHASE  VlSCOSm  ON  THE  LATERAL 
“tHtpusion  op  plasma  membrane  molecules. 

P.J.  Kurtz,  w.H.  Carle/  and  w.w.  Webb.  .Jehool  of  Applied 
and  Engineering  Physics.  Clark  Hall.  Cornell  University. 
Ithaca.  NY  148S3.  United  States  of  Aaerica 

Most  RCtabrana  proteins  diffuse  significantly  slower  in 
cell  aenbranos  chan  predicted  by  the  continuum  hydrodynamic 
theory  for  hoao<;enous  viscous  Reri>rAnes  (Saff'uin.  P.C..  J, 
Fluid  Mcch.  73:593-602  (197$)),  This  discrepancy  is  conaonly 
attributed  to  constraints  duo  to  interactions  with  the  cyte- 
skeleton:  however  the  continuua  theory  neglects  the  effect 
of  the  sections  of  aembrane  proteins  which  project  into  the 
extracellular  fluid.  Wo  have  studied  this  interaction  by 
Roasuring  the  lateral  diffusion  of  3.3'-dioctadocylir.docac- 
bocyanine  (dil).  Acetyl-Rhodasine-Stoaroyl-Dextran  (AcRSD) 
and  Rhodar.ine  Sulfonyl  Chloride  (Texas  Red)  protein  conju¬ 
gates  in  the  presence  of  additives  which  enhance  the  exter¬ 
nal  viscosity.  The  experiments  were  carried  out  on  NRX  cells 
and  on  NRX  coll  blebs  using  the  mothed  of  flourosconee 
photobleachlng  recovery.  Wo  find  that  lateral  diffusion  of 
all  three  probes  on  cells  is  independent  of  external  visco¬ 
sity  over  a  wide  range  of  viscosities.  Diffusion  coeffi¬ 
cients  on  NRX  cell  blebs  approach  the  theoretical  viscous 
membrane  value.  AcRSD  diffuses  significantly  slower  on 
blebs  as  the  external  viscosity  is  increased.  Diffusion 
inhibition  by  external  viscosity  can  be  corpared  with  a  mod¬ 
ification  of  the  continuum  theory  in  which  the  projecting 
protein  sections  are  appropriately  modeled,  based  on  the 
work  of  Hughes.  B.D..  Pallthorpe.  D.A.  and  White,  L.R.  (3. 
Fluid  Hech.  110:349-372  (1981)). _ 


ANCKOBABt  DEPENDENT  CELLS  ATTACH  TO  MICfiQCASRIER  BEADS  IN 
''HTCROGRAVITY.  O.R,  Morrison*,  A.  Cogoli®,  A.  Tschopp®  and 
H.L.  lewis^;  (a)  NASA/Johnson  Space  Center  and  (c)  Technology 
incorporated,  Houston,  TX,  U.S.A.,  and  (b)  Laboratorioa  fur 
Biocheoie,  ETH-Zentruo,  CH-8032  Zurich,  Switzerland. 

The  attachment  of  cells  to  growth  surfaces  on  Earth  Is 
nontally  affected  by  the  settling  of  cells  onto  surfaces  of 
flasks  or  other  culture  vessels.  Using  nlcrocarrier  beads 
and  attachment  dependent  cultured  human  embryonic  kidney 
cells,  we  have  shown  that  cells  adhere  to  growth  surfaces, 
flatten  and  proliferate  in  the  absence  of  gravity.  In  two 
f’xperlMiits,  one  aboard  the  Space  Transportation  System 
(STS),  Shuttle  flight  7,  under  ambient  cabin  temperature  and 
the  second  aboard  STS-8  In  a  37°C  cell  culture  Incubator, 
cells  were  nixed  with  nicrocarrier  beads  on  orbit.  In  the 
second  experiment  at  times,  5  nin.  and  2.5,  13.5  and  24.5 
hours  after  nixing,  cells  were  fixed  by  injecting  glutaral- 
dehyde.  After  return  to  Earth,  ccll-to-bead  attachinent  was 
evaluated  by  counting  beads  with  cells  attached,  numbers  of 
cells  per  bead  and  the  nusber  of  unattached  cells.  Attach¬ 
ment  characteristics  were  visualized  using  a  scanning 
electron  microscope.  Although  no  apparent  differences  were 
seen  in  the  manner  In  which  cells  attached  to  beads  In  micro- 
gravity  compared  to  the  ground  control  experiment,  the  flight 
experiment  appeared  to  have  more  beads  with  cells  attached 
and  a  greater  proportion  of  cells  attached.  This  trend  will 
be  Investigated  In  future  experiments. 

These  findings  suggest  an  Instantaneous  'hit*  attachment 
phenomenon  and  clearly  show  that  cell  cultures  nay  be  seeded 
In  the  enyironeent  of  space  for  culture  of  cells  In 
*»<cnciftrayity 


LATERAL  DIFR-SION  CHARACTERISTICS  OF  IONIC  CliANNFLS  AND 
UCTIN  BINDING  SITES  IN  FROG  SKELCTAL  MUSCLE  ME21BRANE. 

Richard  E.  Weiss.  Valter  SlUhocr  &  Wolfhard  Aimers,  Phyalol. 
a  Biophys.  Depc.',  Unlv.  of  VashlngCon,  Seattle,  VA,  I’SA. 

The  lateral  mobility  of  Na  and  K  channels  in  surface 
membrane  of  Rang  teeporaria  muscle  was  studied  by  the  patch 
clamp  method  of  StUhaer  6  Aimers  (1982,  PNAS,  79:946).  K 
channels  were  found  to  be  relatively  iMtobilv  with  a  diffu¬ 
sion  coefficient  (D)  s  5x10“*^  cm^/s.  As  previously  report¬ 
ed  (StUhaer  6  Aimers,  1982),  Na  channels  were  also  lecDobile, 

D  ~  10'*^  cm^fs.  For  lectin  studies,  bundles  of  1-3  muscle 
fibers  were  dissected  and  Incubated  for  20-43  min  with  the 
fluorescein-conjugated  lectin  wheat  Rcm  agglutinin  (VGA). 

VGA  bound  tightly  V'v  the  sarcolemaa  and/or  basal  lamina  since 
the  fiber  retained  a  stable  fh>crcscence  for  >  3  hrs  after 
lectin  washout,  lability  of  VGA  receptors  in  the  plane  of 
the  cell  surface  was  measured  with  "fluorescence  recovery 
after  photobleachlng,"  using  a  5-7  pm  diameter  spot  of  blue 
light.  Measurements  were  made  at  22*C  in  Ringer  and  in  a 
relaxing  solution  (RS)  containing  no  Ca**^,  20  mM  CCTA  and  96 
mM  KCl.  Recovery  of  fluorescence  In  RS  was  veil  fitted  with 
D  •  4.7x  10-**  c»^/s  (*  0.6x10'***  cm^/s  S.E.M..  n-l2).  The 
mobile  fraction  of  VGA  receptors  was  65X  4-  7X  (S.E.M.,  n*12). 
Recovery  time  courses  in  Ringer  varied  widely.  Preirradla- 
tion  of  the  sarcoleaoa  with  ultraviolet  light  (2-3  J/cm^  at 
289  or  302  nm)  had  no  measurable  effect  on  the  mobility  of 
VGA  receptors.  This  argues  against  the  possibility  that  the 
immobility  of  Na  and  K  channels  in  frog  muscle  sarcolemaa  Is 
a  result  of  L'V  irradiation.  Supported  by  grants  from  the 
NIH  (A.M-17803  to  WA  and  AH-06915  to  REV)  a.id  the  KDA. 
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SUPPORTED  PllOSPULIPID  BIUVERS 

L.  K.  Taaa  and  H.  M.  McConnell 

Stauffer  Laboratory  forPhysical  Chesiacryy  Stanford,  CA  USA 

Single  phospholipid  bilayers  of  DPPC,  DMPC  and  DOPC  have 
been  prepared  on  various  hydrophilic  substrates,  naacly  oxi¬ 
dized  silicon,  quartz  and  glass.  Two  phospholipid  nonolayers 
uere  sequentially  transferred  froa  an  alr-vatcr  interface  to 
the  solid  support  by  using  a  iMdlfled  Langauir-Blodgcte  tech- 
nique.  Epifluorescence  alcroscopy  and  fluorescence  photo- 
bleaching  vcrc  used  to  provide  a  first  physical  characteriza¬ 
tion  of  the  supported  phospholipid  bilayers.  Ihc  following 
observations  lead  us  to  conclude  that  single  planar  bllayers 
have  indeed  been  foraed  on  the  solid  supports  and  that  the 
physical  properties  of  these  aodel  aeabrancs  rcscable  those 
in  other  aodel  systeas  very  closely:  (1)  For  coapressed 
aonolayers  the  lipid  transfer  ratio  froa  the  alr-vatcr  inter¬ 
face  to  the  substrate  is  nearly  1.  (11)  On  oxidized  silicon 

the  fluorescence  intensity  of  a  bilayer  is  twice  that  of  a 
monolayer,  (ill)  Lateral  diffusion  coefficients  are  of  the 
order  of  1-8  x  10-®  cb*/s  In  "fluid"  Berf>ranes  for  both  leaf¬ 
lets  of  the  lipid  bllayers.  (iv)  Supported  DPFC  bllayers  on 
silicon  exhibit  two  sharp  phase  transitions  at  about  32  and 
40*C,  close  to  the  well-hnown  pretransiclon  (Lg*-»Pft»)  and 
chain  melting  phase  transition  (Pg'-^L^)  in  nulcibliayers. 

Supported  phospholipid  bllayers  are  stable  only  in  a  cer¬ 
tain  prcssurc-tetapcrature  regime.  Excess  lateral  pressure  or 
excess  tension  leads  to  a  "collapse"  (tubular  and  spherical 
liposomes)  or  defect  structures  (ncsbrane  holes),  respective¬ 
ly.  Supported  phospholipid  bilayers  are  useful  for  studying 
the  binding  kinetics  and  surface  diffusion  of  antibodies. 
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?CRMATI0S  CP  HELICAL  LIP0S(KBS  UNDER  VARIOUS 
COKDltlONS 

K.C.  Lin^  Wang»  P.S.  Zheo^  and  S«C.  Liu»Dept. 
SIopHysIcs,  Beijing  Kedical  College, Beijing, China. 

Liposo&es  in  the  fora  of  tubes,  single  and  dou¬ 
ble  helices  and  superhelices  can  be  foraed  with 
various  kinds  of  phospholipids  or  binary  systeas 
thereof  after  evaporating,  hydrating  and  vortexing. 
In  systems  containing  cardiolipin  (CL),  cations(e. 
g.  Ca**M^etc.)  are  effective  in  inducing  helices 
mainly  in  10-80  mole^  of  CL  above  the  transition 
temperature  of  its  partner  in  a  pH  range  6-8.  These 
liposomes  are  multilayered  as  shovn  by  scanning  or 
freeze-fracture  electron  microscope. 

With  siurface  active  substances,  phospholipids 
can  form  tubes  and  sometimes  helices  more  easily, 
provided  that  part  of  a  liposome  is  in  close  con¬ 
tact  with  the  glass  slide.Fluorescence  polariza¬ 
tion  measurement  shoved  that  surface  active  sub¬ 
stances  reduced  the  fluidity  and  flow  activation 
energy  aB  of  liposomes.  An  asymetry  surface  ten¬ 
sion  hypothesis  is  postulated  to  explain  this  phe¬ 
nomenon. 
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SPIN-IABEL  STUDIES  ON  THE  PROPEKTIES  OF  PHOSPHATIOYLCHOUKE- 
CHOLESTEROL  MEMBRANES.  Akihiro  Kusuml.  Witold  K. 

Subezynski*.  Marta  Pasenklewicz-Glerula*  and  James  S.  Hyde. 
National  Biocnedica)  ESR  Center,  Medical  College  of  Wisconsin, 
Milwaukee,  W!  53226.  USA.  *  on  leave  from  the 
Institute  of  Molecular  Biology.  Jagiellonlan  University, 
31-001  Krakow,  Poland. 

Wo  report  three  major  findings  on  phosphatidychoTine- 
cholesterol  membranes  in  this  presentation  (1)  Very  small 
amounts  of  cholesterol  (cholesterol/dipalmitoyl- 
phosphatidycholine  «  1/3,000  -  1/30,000  molar  ratio)  cause 
a  dramatic  increase  in  the  nobility  of  5-doxyl  stearic  acid 
spin  label  (S-SASL,  1/400,  molar  ratio)  in  the  gel-phase 
membranes.  Cholesterol  at  low  concentrations  also  greatly 
increases  the  rate  of  approach  to  equilibrium  after 
teciperature-Jump  (cooling)  across  the  pretransition.  (2) 

In  the  fluid  phase,  the  mobility  of  5-SASl  decreases  nono- 
tonically  in  proportion  to  the  mole  fraction  of  cholesterol 
in  unsaturated  phosphatidylcholine  mes^iranes.  In  the  fluid 
phase  of  saturated  phosphatidycholine  menbranes,  the  mobi¬ 
lity  of  S-SASL  decreases  up  to  a  certain  mole  fraction  of 
cholesterol  (which  depends  on  the  teir<perature)  and  then 
increases  with  the  further  addition  of  cholesterol.  (3) 
Cholesterol  increases  the  accessibility  of  water  to  the 
hydrophilic  loci  of  various  phosphatidylcholine  membranes. 

(Supported  in  part  by  NIH  grants  RR-01008  and 
GH-22923,  and  the  Liposome  Coir^ny  postdoctoral  fellowship 


Cence  for  more  than  one  phospholipid  domain 

IN  BIOLOGICAL  MEMBRANES?  A  P-31  NMR  STUDY, 
Philip  L,  Yoaqip*,  Barry  S.  Solinsky  and  Arlene 
P.  Albert,  Department  of  Biochemistry, 
SUNY/Buffalo,  Buffalo,  NY,  USA. 

P-31  nuclear  magnetic  resonance  (NMR)  has 
been  used  to  investigate  the  properties  of 
phospholipid  headgroups  in  biological 
membranes.  In  particular,  tho  i<*.fluence  of 
protein  has  been  studied.  Membranes  from 
muscle  sarcoplasmic  reticulum,  from  retinal  rod 
outer  segment  disks,  and  from  human 
erythrocytes  have  been  investigated.  P-31  NMR 
has  shovn  that  in  the  first  two  membranes  at 
least  two  overlapping  resonances  have  been 
detected.  This  is  interpreted  in  terns  of  tvo 
phospholipid  headgroup  environments  vhich  are 
in  slow  exchange  with  each  other  on  the  msec 
timescale.  Recombined  membranes  containln<,  the 
major  proteins  of  these  tvo  membranes 
demonstrate  that  the  presence  of  tvo 
envi roncx^nts  is  dependent  upon  protein.  The 
populations  of  the  two  environtcents  are  shovn 
to  be  correlated  with  the  environment  of  the 
membrane,  the  state  of  the  protein,  and  the 
functionality  of  the  protein.  No  such  effects 
are  noted  for  the  l.»tact  erythrocyte  membrane. 

The  exclunge  rate  of  phospholipids  between  the 
tvo  environments  has  been  directly  measured  at 
I  srUsupported  by  NIH  HL23853  and  EY03328). 


RHEOLOGY  OF  THE  PLANT  PLASMA  MEMBRANE 

J.  Volfe,  M.F.  Dovgert,  W.J.  Cordon-Kaaa  anj  P.L.  Steponkus, 
School  of  Physic*,  Unlv.  New  South  Wales,  Sydney,  Australia 
and  Dept.  Agronomy,  Cornell  I'niv.,  Ithaca  KY,  U.S.A. 

The  rheology  of  the  plas&a  ocabrane  of  isolated  rye 
protoplasts  was  neasureJ  by  nicropipette  aspiration.  Over 
periods  of  about  Is.,  the  tsatcrial  in  the  aenbrane  1$  con¬ 
served  and  It  acts  like  a  two-diaensional  fluid  with 
negligible  viscosity:  changes  in  area  are  proportional  to 
changes  in  tension  y  with  an  area  clastic  modulus  of 
200  aS.fc-*  .  The  aeabrane  ruptures  under  tensions  of  J  to 
6  bN.b**  (depending  on  ttae  of  exposure)  liaiting  elastic 
stretching  to  2  or  Much  larger  area  changes  are  possible 
over  longer  periods  by  the  transfer  of  aeabrane  aaterial 
to  or  froB  a  cytoplasaic  reservoir.  The  Boabrane  has  a  char¬ 
acteristic  resting  tension,  Vp  which  is  typically  0.1  bN.b** 
and  Is,  at  aost,  veakly  dependent  on  changes  in  area.  Light 
and  electron  Bicroseopy  shows  that  when  a  protoplast  is  con¬ 
tracted  osaotlcally,  the  initially  flaccid  aeabrane  loses 
area  by  endocytotic  vesiculation  until  it  becoees  spherical 
and  regain  Yp.  When  Y>Yp,  reservoir  eaterial  is  incorporated 
into  the  aeabrane.  The  incorporation  rate  is  a  strong 
function  of  Y,  as  is  the  probability  of  lysis.  The  survival 
by  protoplasts  of  osaotic  expansions  depends  on  the  rate 
and  extent  of  incorporation  of  nev  aaterial  into  the  Dcabranc. 
An  analytic  solution  for  Y(t)  during  an  osaotic  expansion 
has  been  found. 
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ERYpiROCYTE  MEMBRANE  INJURY  AND  RECOVERY  DURING 
imWONIC  HAEMOLYSIS 

Eskollncn,  Department  of  Physiology,  University 
of  Oulu,  SF-90220  Oulu,  Finland. 

In  hypotonic  Nad  media,  tho  erythrocyte  mem¬ 
brane  is  injured  during  sphering  in  a  manner  such 
that  potassium  will  leak  out  and,  probably,  sodium 
flows  in,  but  a  lessor  degree.  Tho  spherical 
shape  remains,  while  tho  potassium  release  and  de¬ 
gree  of  haemolysis  increase  during  tho  course  of 
time.  In  fact,  the  coll  membrane  is  in  a  state  in 
which  any  additional  disturbance  will  cause  haemo¬ 
lysis.  On  the  contrary,  in  tho  presence  of  lyso- 
phosphatldylcholino  (LPC)  tho  potassium  release 
and  haemolysis  do  not  Increase  in  respect  to  time 
but  remain  at  thoir  2-Dlnutc  levels.  Hence,  it  is 
suggested  that  LPC  prevents  the  membrane  injury  or 
allows  tho  membrane  to  recover.  LPC  protects 
erythrocytes  oven  against  colloid  osmotic  lysis  in 
an  isotonic  NaCl  medium,  when  the  colls  have  been 
treated  with  nystatin.  Thus,  the  maximal  volume 
is  not  tho  most  Important  parameter  in  tho  mecha¬ 
nism  of  haemolysis  and  its  prevention,  but  the 
pomcabllity  properties  of  the  coil  membrane  are 
more  important.  Maximal  protection  is  achieved 
with  a  LPC  concentration  which  evokes  vesicle  re¬ 
lease  in  an  isotonic  NaCl  medium.  Alterations  in 
tho  lipid  bllayor-cytoskoleton  interactions  and  in 
the  organization  of  tho  lipid  bilayor  are,  there¬ 
fore  suggested  to  lie  behind  the  protection. 
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FOURIER  TRANSFORM  INFRARED  SPECTROSCOPIC  STUDIES  OF  UPII>- 
PROTEIN  INTER.\CTION 

R. Mendelsohn tC.Anderle  and  M.Jaworsky,Dept<of  Chcaiatry* 
Rutgers  University, Newark, Ncv  Jcrsey,USA. 

Vibrational  spectroscopy  has  been  u'cd  to  caonitor  the 
confor&ation  of  phospholipids  reconstituted  into  Dodcl  con- 
brane  systens  with  Glycophorin  (erythrocyte  Benbrane)  or 
CaATPase  (rabbit  sarcoplasnic  retlculua). 

Hi^  precision  (0.03  ca"'^)  FT-IR  aeasurcaents  of  acyl 
chain  stretching  frequencies  as  a  function  of  teapera- 
cure  arc'^used  to  construct  lipid  ’selling  curvcs.Thc  effect 
of  glycophorin  on  saturated  phosphatidylcholines  or  phos* 
phatidylserlne  is  to  reduce  the  Dldpoint  teaperature  of  and 
broaden  the  gel-liquid  crystal  phase  transition. No  evidence 
is  obtained  for  an  iaaobillzcd  lipid  coaponent. Reconstitu¬ 
tion  of  CaATPase  with  DPPC  reveals  a  slailar  perturbation, 
in  xdiich  the  onset  of  x»elting  correlates  veil  with  the  on¬ 
set  of  ATPase  activity. This  confiras  a  suggestion  chat  a 
liquid  crystalline  environaent.  Is  required  for  optltoal  pro¬ 
tein  function. 

Use  of  acyl  chain  perdcuterated  lipids  as  one  coaponent 
of  a  binary  lipid  sixture  peraics  studies  of  the  theraal 
behavior  of  each  lipid  in  ternary  coaplexes  coaposed  of  two 
lipids  plus  protein. The  ability  of  acabranc  proteins  to  sel¬ 
ect  a  particular  lipid  was  shown  in  two  separate  systcas, 
CaATPase/DPPC-dgj/DOPC  and  Glycophorln/DPPC-d^2^**5**‘' 
case, the  lover  Belting  lipid  deeonstrated  a  preferential 

1.  Current  work  centers  around  FT-IR 
ic  protein  secondary  structure. 


)  PHASE  COEXISTENCE  IN  PHOSPHATIDYL- 
3.-H.  Saehse,  A.  Watts  and  D.  Karsh, 
blophyslkalischc  Chcale.  D-3400 
GAttingen,  Fed.  Rep.  Gcraany. 

ESR  studies  on  the  dynamics  of  dlayrlscoyl  phosphatidyletha* 
nolaaine  (OHPE)  bilayce  acebranes  in  the  fluid,  gel  and  phase 
transition  regions  (T^«49^)  have  been  aade  using  6  different 
positional  Isooers  of  PC  spin-labelled  in  the  en-2  chain.  Cca* 
parison  of  the  chain  order  parameters  (S«<3cos26-l>/2)  with 
those  of  the  corresponding  phosphatidylcholine  label  isosers 
in  dlpalaltoyl  phosphatidylcholine  bilayers  (T^>41^C)  reveals 
a  considerable  dccreaso  in  aaplitude  of  chain  aotlon'in  the 
DHPB  blUyers  for  all  chain  segsMmts.  Since  the  coeparlson  is 
made  on  a  reduced  teaqperature  ecalo,  this  Indicates  a  pro¬ 
nounced  chain  stiffening  (on  a  TpM0*^s  tiacscale) ,  arising 
froB  the  different  headgroup  interactions  in  PE  bllaycrs.Thiw 
is  equivalent  to  the  effect  of  a  teaperature  shift  on 

the  bilayer  chain  aotion.  In  the  gel  phase,  saturation  trans” 
for  ESR  studies  (10'*3>t|^IO*^8)  also  reveal  a  considerable 
reduction  in  notion  relative  to  PC  and  a  torsional  gradient 
in  chain  aotion.  In  tho  transition  region  C^T^-SC^C)  2  co¬ 
existing  spectra  are  observed,  characteristic  of  different 
motional  states.  Intcrsubtractlon  of  spectra  at  different 
tespcraturcs  indicates  that  the  lover  aobillty  state  converts 
to  the  higher  iiobllity  state,  and  yields  the  degree  of  con¬ 
version  with  increasing  temperature,  through  tho  transition. 
With  the  5-C  positional  isoaor  a  further  coexistence  Is  ob¬ 
served  in  tite  range  41^-40^,  Indicating  tho  existence  of 
incipient  prctransitional  effects  In  PE  bUayers. 


^ion  vlth  protel 
;i^cion  of  ceabra 
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UPID  O^IN  DYNAMICS  AN 
^ETHj^N^lAKlNE  KEKBRANES. 
Max-Planck-Institut  fOr 
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OF  ERYTHROCYTE  MECHANICAL  PROPERTIES  SHAPE 
TRANSFORMATION 
B  T.  Slokko,  A .  Mikfcelsen  and  A  Elgsaeter,  Division  of 
Bio^ysics,  University  of  Tron<Sieia.  N-7034  Trondheim-NTH 
Norway 

Tho  hunan  erythrocyte  has  no  nucleus  and  no  transcellular 
cytoskelftton  The  erythrocyte  aechanical  prooerties  are 
therefore  assumed  to  be  deteramed  by  the  plasma  mepapanA 
alone  The  aain  features  of  the  oolecular  organization  of  the 
erythro^to  plas&a  oomCrane  are  a  fluid  hpid  bilayer  with  an 
apposed  soectrin  aeshwork  on  the  rytoolasmic  surface  Based 
on  current  knowledge  of  the  physical  properties  of  the  various 
constituents  of  this  plasma  membrane  we  have  carried  out  a 
statistical  thermodynamic  and  numerical  analysts  of  its  physical 
pre^rties  Our  analysis  suggests  that  tho  aeabrane  skeleton 
may  be  described  as  a  swollen,  ionic  gel.  Recent  discoveries 
of  ^ase  transitions  and  critical  phenomena  in  such  gels  make 
this  concept  particularly  interesting  Our  membrane  model  can 
account  for  all  the  major  intrinsic  material  prooerties  of  the 
red  cell,  and  is  the  first  membrane  model  that  can  quantita¬ 
tively  account  for  all  the  commonly  observed  shapes  and  shape 
transformations  of  erythrocytes 


274 

DIFIERENT  LYMf>K0CYTE  >£KBRA.SE  PROTEINS  REVEAL  DIFFERENT 
SENSITIVITIES  TO  MOBILITY-MODULATION  BY  LOCALIZED  CONCA.NAV- 
ALIN-A  BINDING. 

Ycav  I.  Hento,  Department  of  BJochoaistry,  The  Gceige  S. 

Wise  Faculty  of  Life  Sciences,  Tel  Aviv  University,  Tel  Aviv, 
Israel. 

We  have  eeployed  fluorescence  photobluaching  recovery  to 
dceonstrate  selective  iasobilisation  of  lyn^ocyte  aerbrane 
proteins  by  localised  ccncanavalin  A  (CenA)  binding  to  the 
coll  surface.  Localised  CenA  binding  was  achieved  by  the 
binding  of  ConA  cox^lod  to  paraforroldchydo-fixed  platelets 
to  taouse  spleen  lye^ocytes.  Tho  effect  of  tlie  localised 
cross-linking  of  ConA-receptors  on  the  rebility  of  specific 
oesbrane  proteins  at  region*  distal  to  tho  ConA-platolcts 
was  investigated.  The  diffusion  of  surface  iraunoglcbulins 
(sig)  vas  inhibited  above  a  threshold  coverage  (22%)  of  the 
ipper  lyephocyte  surface  by  ConA-platelets.  This  modulation 
propagates  through  cytoskcletal  intcractims,  as  evidenced 
by  Its  synergistic  reversal  by  tho  action  of  colchicine  and 
cy^chalasln  B,  In  contrast,  no  effect  is  observed  on  the 
diffusion  and  aggregation  of  ii-2K^  antigens  labeled  with  a 
fluorescent  aonoclonal  antibody.  These  results  Indicate 
specificity  in  the  interactions  of  acebrano  proteins  with 
the  cytoskolctcn.  This  specificity  enables  a  selective 
response  of  different  rcsbrano  proteins  to  the  ConA 
anchorage-modulation. 
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The  Isttnl  fUdty  of  latJt  E>)1iinie)1e  Mcnifisn  Igr  Use  e(  ta  &idzrcr  Probe, 
nuocuoxtiy  of  Tl^d  aid  AhMitmit  Suplrs,  Jos^  EUlnirr  and  Jorff  Flora, 

AT&T  BcU  Labontorics,  Muiray  ICU.  New  Jersey  07974 

Wide  Ojancence  toetBuques  are  cfien  empiGyed  b  nanbnnc  model 
the  diC^ties  oxcuntered  in  the  qumtitaticn  d  Ouorexence  intensity  and 
pdaiuation  d  strongly  absabant  and  scattering  sanspio  ha>e  largely  preyed 
their  use  in  the  suidy  d  btact  oc&s.  We  have  deidqxd  and  tested  a  ecn:cntratiai 
titration  method  uiudi  parait  the  use  cf  any  cptkal  probe  inchxSng  Oidity  probes 
and  hemcgkbin  prcsiniity  probes,  in  intact  oeU  s)'stcim.  An  illustraticn  d  the 
technique  is  the  measurement  cf  the  hteral  mobility  cf  I’pyrenohexadecancie  add 
(PllD)  b  the  outer  leaflet  cf  the  lifid  d  intxt  er)ihroc}tes.  The  location 
d  the  probe  was  determined  by  rewtunce  energy  tnnsJa  between  PlID  and  the 
cytCEd  hosoglobin  (Hsi;^  &  Hcrca,  Biephys.  J.  41,  367,  1983).  The  PlID 
admer  or  monoroer  (I)  otra^ated  to  zao  hematoait  (h«0)  wtre 
measured  by  piottinf  lcg(l/h)  vnsus  iu  TlttS  simple  protood  is  based  on  the 
aperimenu^  venlied  opcctation  that  (or  h^Ofll,  1«  (constant)  rh^ap 
(-uh):  where  n  "  probes  per  odl  and  o  b  an  effective  otincbcn  eerffrient  which 
U  a  (unction  cf  the  scattering  and  absorption  preperties  cf  the  cclh  at  the  odtatim 
and  en&stion  uavelengUis  and  the  flurxoroetePs  cenflguratiork  ^  is  the 
flucrepheres*  in  tltu  quaittum  yield  The  first  10*  probes  per  aQ  are  aimost 
immotile.  whQe  the  next  2  x  10'  were  characterized  by  a  latml  dUfiaion 
codtaat  (D)  cf  12  and  19  X 10**  onV*  for  uxaa  eeQs  and  ^losts,  respectively 
(21*C).  TheU  vahia  d  D,  obtained  by  use  cf  a  random  vv^k  modd,  shew  that 
the  lateral  fluidity  cf  the  membrane  b  perturbed  by  cuuctic  lysis.  The  activation 
energy  cf  D  (!^  was  3^  kcal  M’*,  considerably  less  than  the  ^  determined  by 
Ikxrmccnce  photobleaching  recovery  (FPR)  (BI^  &  Webb,  Bic^ys.  J.  42, 293, 

1983).  This  may  be  rehued  to  the  fact  that  the  dffuskn  dslxnce  for  FFR 
optaiments  b  —500  nm,  a  dstance  spans  many  mendirafte  proteins,  while 
the  present  method  b  sensitive  to  eiffusioq  over  —3  sra,  which  b  cf  the  ader  cf  the 
mter*pro(ein  spocir^. 
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Symposium  on  Mechanisms  of  Transport  Across  Membranes 

THE  STRUCTURE  OF  THE  ERYTHROCYTE  ANION  TRANSPORT  PROTEIN  AND  A 
POSSIBLE  MECHANISM. 

M.J.A.  Tanner  and  C.J.  Brock,  Department  of  Biochemistry, 
University  of  Bristol,  Bristol,  U.K. 

Small  monovalent  anions  equilibrate  very  rapidly  across  the 
red  cell  membrane  by  a  process  which  involves  the  strict  one-for- 
one  exchange  of  anions.  This  transport  is  mediated  by  the  most 
abundant  integral  membrane  protein  of  the  erythrocyte  (band  3)  and 
occurs  by  a  sequential  'ping-pong'  carrier  mechanism  in  which  the 
anion  transport  site  on  the  protein  is  available  alternately  at 
the  extracellular  and  cytoplasmic  sides  of  the  membrane. 

The  anion  transport  protein  has  an  apparent  molecular  weight  of 
100,000  and  consists  of  two  domains  with  very  different  propertiea 
The  N-terminal  40,000  dalton  domain  is  situated  within  the  erythro 
-cyte  cytoplasm,  has  regions  which  are  very  rich  in  acidic  amino 
acids  and  has  sequence  characteristics  similar  to  that  of  soluble 
proteins.  This  domain  forms  the  attachment  site  of  the  erythro¬ 
cyte  cytoskeleton  and  also  binds  many  peripheral  membrane  proteins 
The  C-terminal  55,000  dalton  membrane-bound  domain  is  glycosy¬ 
lated  and  carries  out  anion  transport.  Studies  with  impermeant 
protein  labelling  agents  have  shown  that  the  polypeptide  traverses 
the  membrane  several  times  in  this  hydrophobic  portion.  It  is 
likely  that  the  anion  transporting  structure  is  formed  from  a 
bundle  of  transmembrane  a-helices.  We  have  been  studying  the 
amino  acid  sequence  and  sites  of  binding  of  anion  transport  inhib¬ 
itors  in  this  region  of  the  protein.  A  portion  of  the  sequence 
which  represents  two  of  the  transmembrane  a-helices  has  been 
determined.  The  orientation  of  this  sequence  with  respect  to  the 
membrane  has  been  established  by  determining  the  sites  of  extra¬ 
cellular  lactoperoxidase-mediated  radioiodination  and  the  sites 
of  extracellular  proteolysis.  The  intracellular  portion  of  this 
sequence  contains  a  cluster  of  six  basic  residues  and  a  lysine 
residue  in  this  cluster  selectively  reacts  with  the  anion  trans¬ 
port  inhibitor,  phenyl isothiocyanate .  This  region  may  form  a 
part  of  the  intracellular  anion  binding  site.  The  structural 
features  of  this  sequence  suggest  a  possible  molecular  model  for 
the  mechanism  of  anion  transport.  We  assume  the  protein  contains 
a  cluster  of  transmembrane  a-helices  with  a  core  filled  with 
amino  side  chains  through  which  anions  are  transported  rather 
than  a  water  filled  channel.  Anions  are  translocated  between 
spatially  separated  anion  binding  sites  at  the  two  surfaces  of 
the  membrane  by  the  rearrangement  of  a  series  of  intra-membrane 
charge  pairs  of  acidic  and  basic  residues,  the  anion  being  trans¬ 
ferred  between  basic  residues  in  the  core  of  the  protein.  In 
this  mechanism  the  translocation  process  generates  an  anion  trans¬ 
port  site  alternately  in  the  two  anion  binding  domains  at  the 
surfaces  of  the  membrane  thus  imposing  a  sequential  exchange 
transport  mechanism  on  the  anion  transport  process.  The  amino 
acid  sequence  so  far  elucidated  shows  that  some  polar  amino  acids 
(serine,  threonine)  are  probably  located  in  the  membrane  interior. 
Their  distribution  on  the  surface  of  the  transmembrane  helices 
suggest  that  these  side  chains  may  be  directed  towards  the  core  of 
the  protein  where  they  could  modify  the  environment  around  the 
anion-translocating  charge-pairs . 
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ISOLATION  AND  RECONSTITUTION  OP  THE  MITOCHONDRIAL  PHOSPHATE  CARRIER 
PROTEIN 

F.  Palmieri,  Institute  of  Biochemistry,  Faculty  of  Pharmacy, 

University  of  Bari,  Bari,  Italy 

The  N-ethylmaleimide-sensitive  electroneutral  phosphate/proton 
symporter  of  the  inner  mitochondrial  membrane  catalyzes  the  uptake 
of  inorganic  phosphate  required  for  oxidative  phosphorylation.  The 
mitochondrial  phosphate  carrier,  isolated  by  solubilization  of 
mitochondria  in  non-ionic  detergents  and  chromatography  on 
hydroxylapatite,  contains  not  only  the  ADP/ATP  carrier  and  the 
phosphate  carrier  but  altogether  at  least  5  protein  bands  in  the 
Mr-region  of  30000-35000,  as  shown  by  high  resolution  SDS  gel 
electrophoresis.  Several  attempts  to  further  purify  the  jiiosphate  carrier  by 
chro.matography  on  Celite,  on  Mersalyl-Ultrogel  and  by  using  Triton  X-114 
instead  of  Triton  X-100,  were  partially  successful  to  remove  the 
ADP/ATP  carrier,  but  they  failed  to  decrease  the  number  of  protein  bands.  We 
have  now  identified  the  phosphate  carrier  protein  with  only  one  band 
(Mr  33000)  of  the  5  protein  bands  present  in  the  hydroxylapatite 
pass-through  and  have  isolated  it  with  2  methods:  a)  by  using  an 
organomercurial  agarose  column  after  hydroxylapatite,  and  b)  by 
collecting  the  very  first  part  of  the  pass-through  of  a  dry 
hydroxylapatite  column  to  viiich  a  cardiolipin-supplanented  mitochondrial 
extract  has  been  applied.  Crosslinking  studies  of  the  phosphate 
carrier  isolated  from  pig  and  beef  heart  mitochondria  indicate  that 
the  purified  protein  is  a  dimer  of  approx.  Mr  68000.  A  polarity  of 
50%  is  calculated  from  the  aminoacid  composition. 

The  isolated  phosphate  carrier  protein,  after  incorporation  into 
liposomes  by  the  freeze-thaw-sonication  procedure,  is  able  to 
catalyze  both  the  unidirectional  transport  of  phosphate  (uptake  or 
efflux)  and  the  exchange  between  the  intra-  and  extraliposomal 
phosphate.  In  the  solubilized  state  the  phosphate  carrier  is  very 
sensitive  to  various  parameters,  e.g.  high  detergent  concentrations, 
high  ionic  strenght,  high  pH,  freezing  and  incubation  at  25 °C.  Once 
the  detergent-solubilized  carrier  is  reincorporated  into  liposomes, 
it  becomes  rather  stable.  The  inhibition  of  the  carrier  by  Triton 
can  be  largely  prevented  or  reversed  by  cardiolipin  suggesting  a 
removal  of  this  phospholipid  by  the  detergent.  Cardiolipin  is  the 
only  phospholipid  tested,  including  acidic  and  unsaturated  ones, 
which  markedly  increases  the  elution  of  the  phosphate  carrier 
protein  from  hydroxylapatite.  Furthermore,  by  comparing  the  effect 
of  various  lipid  compositions  of  liposomes  on  the  reconstituted 
exchange,  it  was  found  that  the  highest  activities  are  obtained 
after  reconstitution  with  liposomes  containing  5%  cardiolipin.  These 
results  suggest  a  specific  interaction  of  the  phosphate  carrier 
protein  with  cardiolipin.  The  ^^Pi/Pi  exchange  in  reconstituted 
proteoliposomes  follows  a  first  order  kinetics  similarly  as  found  in 
mitochondria.  The  Arrhenius  plot  of  the  temperature-dependence  of 
the  reconstituted  phosphate  exchange  shows  a  break  at  27 °C  with  an 
Ej^  of  16  Kcal/mol  in  the  lower  temperature  range.  The  Lineweaver-Burk 
analysis  of  the  exchange  reveals  hyperbolic  saturation  characteristics 
with  a  Km  between  ^.0  and  2.5  raM  for  external  Pi  very  close  to  that 
found  in  mitochondria.  The  transport  of  j^osphate  in  proteoliposomes 
is  inhibited  by  SH-blocking  reagents  and  not  by  inhibitors  of  other  f 

mitochondrial  anion  transport  systems.  Substrates  of  other  carriers  i 

have  also  no  effect.  Both  the  uptake  and  the  efflux  of  phosphate  are  | 

dependent  on  the  transmembrane  ApH  as  shown  by  changing  the  intra-  ' 

or  the  extraliposomal  pH  and  by  the  use  of  ionophores.  Thus  the  j 

reconstituted  mitochondrial  phosphate  carrier  exhibits  properties 
very  similar  to  those  described  in  the  original  membrane. 
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OCCLUSION  OF  SODIUM  AND  POTASSIUM  IONS  BY  THE  Na,K-ATPase;  THE  ROLE  OF  THE 
OCCLUDED-ION  FORMS  IN  THE  POMP  CYCLE 

I.M.  Glynn  and  D.E.  Richards.  Physiological  Laboratory,  University  of 
Cambridge,  Cambridge,  U.K. 

Because,  in  its  normal  cycle,  the  Ka,K-ATPase  transports  three  Na  ions 
outwards  and  two  K  ions  inwards,  across  the  cell  membrane,  it  has  long  seemed 
likely  that  intermediate  states  of  the  Na,K-ATPase  exist  in  which  Na  or  K  ions 
are  occluded  within  the  enzyme. 

The  normal  cycle  is  thought  to  consist  of  the  steps: 

+  ATP  E^P.ADP  E,P  E^P  E^  E^  ,  { 1  ) 

ADP  P£ 

where  E^P  and  E2P  are  two  conformations  of  the  phosphorylated  enzyme  (sensitive, 
respectively,  to  ADP  and  to  K)  and  E^  and  E^  are  two  conformations  of  the  de- 
phosphoenzyme .  Na  ions  are  needed  for  phosphorylation  by  ATP;  K  ions  greatly 
accelerate  the  hydrolysis  of  E-P;  and  the  conversion  of  E  to  E  is  very  slow 
in  the  absence  of  ATP,  but  fast  when  ATP  is  bound  to  a  low-affinity  site  on  E  . 

We  now  have  evidence  that  phosphorylation  of  the  enzyme  by  ATP  leads  to  the 
occlusion  of  three  Na  ions  within  E^P,  and  that  hydrolysis  of  E^P  leads  to  the 
occlusion  of  (probably)  two  K  ions  within  E^.  The  evidence  comes  from 
experiments  in  which  the  enzyme  is  fogged  rapidly  thr'^ugh  cation  exchange 
columns  after  having  been  exposed  to  Na  or  K  (or,  more  conveniently,  °Rb) 
in  conditions  leading  to  the  formation,  but  not  to  the  breakdown,  of  the 
hypothetical  occluded-ion  forms.  If  the  time  spent  on  the  columns  is  small 
compared  with  the  time-constants  of  the  reactions  that  release  the  occluded 
ions,  the  occluded  ions  will  be  carried  through  the  resin  by  the  enzyme  and  will 

appear  in  the  effluent.  To  demonstrate  the  occlusion  of  Na  ions,  it  is 

necessary  to  pretreat  the  enzyme  with  ti-chyrootrypsin  or  with  N-ethyl  maleimide 
(procedures  which  largely  block  the  conversion  of  E.P  to  E-P),  and  also  to 
ensure  that  no  ADP  is  present,  since  this  would  dephosphorylate  the  E.P.  To 
demonstrate  the  occlusion  of  K  or  Rb  ions,  it  is  necessary  to  stabilize  the 
enzyme  in  the  E^  form  by  excluding  ATP  or  Na  ions  in  high  concentration  (since 
these  would  convert  the  enzyme  into  the  Ej  form),  and  also  excluding  P.  (which 

would  phosphorylate  the  enzyme  and  release  the  occluded  ions ) .  ^ 

Examination  of  equation  1  shows  that  each  of  the  occluded-ion  forms  can  be 
approached  by  two  routes,  one  involving  the  transfer  of  a  phospho  group  and  the 
other  involving  only  a  change  in  conformation  —  of  the  phosphoenzyme,  in  the 
case  of  Na;  of  the  dephosphoenzyme  in  the  case  of  K  or  Rb.  There  is  indirect, 
but  strong,  evidence  that  it  is  intracellular  Na  ions  that  become  trapped  in 
E^P  on  phosphorylation,  and  that  the  release  of  Na  ions  from  E  P  is  to  the 
extracellular  solution.  Similarly,  there  is  indirect,  but  strong,  evidence 
that  it  is  extracellular  K  ions  that  become  trapped  in  E  when  E  P  is 
hydrolysed  in  tlie  presence  of  K,  and  that  the  release  of^K  ions^from  E  is  to 
the  intracellular  solution.  For  both  Na  and  K,  therefore,  the  two  routes  to  the 
occluded-;  111  forms,  coupled  back  to  back,  provide  pathways  from  one  side  of  the 
membrane  to  the  other;  and  the  properties  of  these  pathways  account  for  many  of 
the  features  of  the  fluxes  of  Na  and  of  K  through  the  membrane  under  both 
physiological  and  other  conditions. 

When  Pj^  and  Mg  are  added  to  enzyme  which  is  in  tl.a  E2  form  and  which 
contains  occluded  Rb,  there  is  a  rapid  release  of  all  of'^the  occluded  Rb, 
provided  that  the  suspending  medium  contains  no  free  Rb  or  other  K  congener.  If 
free  Rb,  or  other  K  congener,  is  present,  however,  only  50%  of  the  Rb  is 
released  rapidly.  Na  antagonises  this  effect  of  Rb.  The  explanation  of  the 
effect  is  not  known,  but  it  may  reflect  interaction  between  the  two  halves  of 
the  dimeric  enzyme. 

Although  a  good  deal  is  now  known  about  the  molecular  structure  of  the 
enzyme,  it  is  not  yet  possible  to  relate  the  reactions  leading  to  the  occlusion 
or  release  of  the  alkali-metal  ions  to  this  structure. 
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SYNTHESIS  OF  ATP  BY  THE  SARCOPLASMIC  RETICULUM  ATPase  IN  ABSENCE  OF  IONIC 
GRADIENT. 

L.  deMeis.  Institute  de  Ciencias  Biomedicas,  Dept,  de  BioquTmica,  Universidade 
Federal  do  Rio  de  Janeiro,  C.  Universitaria,  I.  Fundao,  Rio  de  Janeiro,  RJ, 
Brasil . 

Vesicles  derived  from  the  sarcoplasmic  reticulum  skeletal  muscle  can  drive 
a  continuous  synthesis  of  ATP  when  a  Ca2+  gradient  is  formed  across  the  vesicle 
membranes  (Makinose,  M.  and  Hasselbach,  W.,  FEBS  Lett.  1971,  12,  271).  Synthesis 
of  ATP  is  initiated  by  phosphorylation  of  the  membrane-bound  ATPase  by  Pi,  for¬ 
ming  an  acylphosphoprotein.  This  is  followed  by  the  transfer  of  the  phosphate 
from  the  phosphoenzyme  to  ADP,  leading  to  the  synthesis  of  ATP.  The  ATPase  can 
be  phosphorylated  by  Pi  in  the  absence  of  a  Ca2+  gradient  when  incubated  in  a 
medium  without  Ca.  This  phosphoenzyme  is  referred  to  as  "low  energy"  because  it 
does  not  transfer  its  phosphate  to  ADP.  Hov/ever,  in  the  absence  of  a  Ca^’*'  gra¬ 
dient,  synthesis  of  ATP  after  a  single  catalytic  cycle  can  be  attained  if,  after 
phosphorylation  by  Pi,  ADP  and  a  high  Ca2+  (10  mM)  are  added  to  the  medium. 

This  indicates  that  the  phosphoenzyme  is  converted  from  "low  energy"  into 
"high  energy"  when  transferred  from  a  medium  without  Ca'^'*'  to  a  medium  containing 
high  Ca'^’*'.  Phosphorylation  by  Pi  and  convertion  of  the  phosphoenzyme  from  low 
into  high  energy  is  mediated  by  the  assymetrical  binding  of  Ca2+  on  the  two 
sides  of  the  membrane.  The  affinity  of  the  Ca2+  binding  sites  varies  with  pH. 
Thus,  ATP  synthesis  can  be  attained  in  the  absence  of  ion  gradients  and  at 
constant  Ca2+  concentration  (0.6  mM)  by  varying  the  pH  of  the  medium  from  5.5 
to  8.0.  Conversion  of  the  phosphoenzyme  from  low  energy  into 
high  energy  can  also  be  attained  by  varying  the  water  activity  of  medium  by 
means  of  different  organic  solvents.  In  this  case,  synthesis  of  ATP  is 
attained  without  gradients  in  a  medium  where  pH  and  Ca2+  concentrations  are 
maintained  constant. 

George  et  al  (Biochim.Biophys.Acta,  1970,  223,  1)  proposed  that  the  energy 
of  hydrolysis  of  a  compound  is  determined  by  the  difference  of  solvation 
energies  of  reactant  and  products.  The  data  obtained  with  the  SR-ATPase  can  be 
interpreted  according  to  the  concept  of  solvation  energy.  A  variation  of  either 
Ca2+  concentration,  pH  or  water  activity  can  lead  to  a  change  of  solvation 
energy  of  product  and  reactant.  For  instance,  the  solvation  of  Pi  will  depend 
on  the  v;ater  activity  of  the  medium  (organic  solvent),  its  ionization 
(H2PO4  or  HPO4-)  and  whether  it  is  free  or  forming  complexes  with  divalent 
cations.  In  order  to  explore  this  possibility  the  Keq  of  hydrolysis  of  pyro¬ 
phosphate,  a  compound  similar  to  ATP,  was  measured  in  solutions  adjusted  to 
different  pH  values,  different  Mg2+  and  Ca2+  concentrations  and  in  the  presence 
of  different  organic  solvents.  It  was  found  that  the  Keq  may  vary  from  a  value 
higher  than  4  x  103  to  a  value  as  low  as  3.  The  two  steps  transitions  which 
permit  the  sarcoplasmic  reticulum  ATPase  to  catalyze  the  synthesis  of  ATP  also 
promote  a  large  decrease  in  the  observed  Keq  for  pyrophosphate  hydrolysis. 
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MOLECULAR  ASPECTS  OF  THE  CYTOSKELETON ;  STRUCTURE  AND  FUNCTION  OF  INTERMEDIATE 
FILAMENTS,  K.  Weber,  Max  Planck  Institute  for  Biophysical  Chemistry,  Goettingen, 
FRG. 

Most  vertebrate  cell  types  contain  in  addition  to  microtubules  and  micro¬ 
filaments  extensive  displays  of  intermediate  filaments  (IF),  often  also  called 
100  X  filaments.  I'lhereas  microtubules  and  F-actin  are  based  on  globular  subunits 
IF  contain  rod-like  protofilamentous  units.  Their  a-type  X-ray  diffraction  pat¬ 
tern  predicts  coiled-coil  arrays,  which  are  now  documentable  by  sequence  data 
and  correlated  biochemical  properties  (see  below) .  Here  I  shall  try  to  summarize 
current  efforts  directed  towards  a  molecular  understanding  of  the  IF  structure. 
In  addition  I  shall  follow  up  the  cell-  and  tissue-specific  expression  pattern 
of  the  5  subclasses  as  a  diagnostic  tool  in  pathology. 

Amino  acid  sequences  in  conjunction  with  the  biochemical  characterization  of 
isolated  domains  are  instrumental  in  our  concepts  of  intermediate  filament 
structure  and  the  understanding  of  the  diversity  of  IF  proteins.  They  provide 
the  basis  of  a  topographical  model,  which  accounts  for  most  aspects  of  molecular 
variability  (polypeptide  length,  charge,  solubility  and  different  requirements 
for  polymer  formation)  while  keeping  a  common  structural  theme.  A  related  highly 
a-h°lical  rod-like  domain  (about  310  residues)  able  to  form  interpolypeptide 
coiled-coils  is  flanked  by  the  non-a-helical  terminal  domains  hypervariable  both 
in  sequence  and  in  length.  This  model  identifies  the  hard  a-keratins  of  wool  as 
a  special  set  of  epithelial  (cyto)keratins  thus  drawing  their  well  known 
structural  properties  into  the  common  concept  developed  for  IF  proteins.  The 
protofilamentous  unit  is  by  many  criteria  not  based  on  the  predicted  triple- 
stranded  rope  but  rather  on  a  double-stranded  coiled-coil.  Recent  experiments 
on  the  neurofilament  triplet  proteins  show  that  the  IF  mouel  can  accomodate 
molecules  of  extreme  length  (Mgpp  I60K,  200K),  since  the  extra  mass  is  located 
into  long  and  curious  carboxy terminal  extensions  of  polypeptides  which  in  their 
aminoterrainal  part  are  bona  fide  IF  proteins. 

The  histologically  meaningful  cell-  and  tissue-specific  subclassification  of 
IF  made  originally  by  polyclonal  antibodies  is  fully  verified  by  sequence  data 
and  consolidated  by  an  increasing  bank  of  monoclonal  antibodies,  each  specific 
for  only  one  IF  protein  (vimentin,  desmin,  GFA,  neurofilament  68K,  160K,  200K, 
cytokeratin  18).  In  the  case  of  epithelial  (cyto)keratins  monoclonal  antibodies 
can  be  either  extremely  specific  recognizing  only  a  single  polypeptide  or  can 
cover  to  a  various  extent  a  few,  several  or  many  components.  Such  antibodies 
selected  for  their  specificity  on  human  IFs  are  very  useful  in  surgical  patho¬ 
logy  to  distinguish  different  tumor  types  difficult  to  segregate  by  conventional 
histological  techniques.  Thus  basic  cell  biological  research  on  IFs  has  a  useful 
application  in  applied  medical  problems.  Preliminary  epitope  mapping  experiments 
will  be  discussed  because  of  several  structural  implications. 
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THE  ROLE  OF  DYNEIN  IN  MICROTUBULE-BASED  MOTILITY. 

I.  R.  Gibbons,  Pacific  Biomedical  Research  Center,  University  of  Hawaii, 
Honolulu,  Hawaii,  USA. 

Dynein  ATPase  occurs  as  20-25  nm  projections,  called  "arms",  disposed  along 
the  length  of  the  microtubules  in  cilia,  sperm  flagella,  and  many  motile 
cytoplasmic  microtubular  systems,  where  it  is  responsible  for  transducing  the 
chemical  energy  of  ATP  hydrolysis  into  functional  mechanical  work.  In  most 
cases  studied,  the  dynein  arms  constitute  crossbridges  between  two  adjacent 
microtubules,  with  each  crossbridge  a  complex  structure  of  Mj.  =  1.3-1. 9  x  10^. 
One  end  of  each  bridge  is  attached  by  a  functional  site  that  undergoes  cyclic 
detachment  and  reattachment  concurrent  with  the  binding  and  hydrolysis  of 
molecules  of  ATP,  while  the  other  end  is  attached  by  a  stable  structural  site. 
The  crossbridge  cycling  induced  by  ATP  results  in  relative  sliding  movement 
between  the  two  bridged  tubules.  In  most  organelles,  this  sliding  is  coordi¬ 
nated  and  opposed  by  resistive  structures  that  convert  it  into  bending  waves 
that  propagate  along  the  organelle,  but  under  appropriate  conditions  continuous 
longitudinal  movement  at  velocities  up  to  10-15  urn  sec"^  can  be  demonstrated. 

Extraction  of  deraembranated  sea  urchin  sperm  flagella  with  0.6  M  NaCl 
solubilizes  selectively  the  outer  arms  on  the  doublet  tubules.  The  resultant 
soluble  dynein  1  consists  of  21S  particles  (Mj.  =  1.3  x  10^)  comprised  of  9 
distinct  polypeptides — the  a  and  $  heavy  chains  (M^  420,000),  3  intermediate 

chains  (Mj.  =  85,000-115,000)  and  4  light  chains  =  15,000-25,000).  Struc¬ 
tural  examination  by  scanning  transmission  electron  microscopy  shows  that  the 
21S  dynein  1  particle  consists  of  two  compact  globular  heads  joined  by  a 
slender  stalk.  Freshly  extracted  dynein  1  has  a  low  latent  specific  ATPase 
activity  and  can  be  shown  to  retain  functional  capability  by  its  ability  to 
restore  the  beat  frequency  of  dynein-depleted  sperm  flagella.  The  ATPase 
latency  is  the  result  of  a  relatively  slow  product  release  step  in  the  enzyme 
kinetic  pathway  and  is  necessary  for  mechanocheraical  energy  conversion. 

Fractionation  of  dynein  1  at  low  ionic  strength  yields  two  ATPase- 
containing  subunits,  sedimenting  at  12S  and  14S,  that  consist  principally  of 
the  heavy  chain,  and  the  8  heavy  chain  with  intermediate  chains  2  and  3, 
respectively.  About  90%  of  the  ATPase  activity  is  associated  with  the  6/inter¬ 
mediate  chain  subunit,  and  about  10%  with  the  a  chain  subunit.  Reformation  of  a 
21S  particle  occurs  when  a  mixture  of  the  a  and  6  subunit  preparations  is 
returned  to  0.6  M  NaCl,  but  not  with  cither  of  the  subunit  preparations 
separately,  suggesting  strongly  that  each  21S  particle  forming  an  outer  arm 
contains  both  an  a  and  a  6  heavy  chain.  Neither  the  a  nor  the  6  chain  subunit 
appears  functionally  competent  by  itself,  as  judged  by  its  ability  to  restore 
beat  frequency.  However,  the  6  chain  subunit  does  appear  able  to  block  the 
manifestation  of  frequency  restoration  of  subsequently  added  intact  dynein  1  in 
a  manner  that  is  gradually  reversed  over  2-8  min  in  the  presence  of  ATP. 

Extended  tryptic  or  chymotryptic  digestion  of  either  whole  solubilized 
dynein  1  or  the  separated  8/intermediate  chain  subunit  leads  to  formation  of  a 
protease-resistant  particle,  termed  Fragment  lA,  of  Mj.  ''  380,000.  This 
Fragment  lA  retains  high  ATPase  activity,  and  is  composed  principally  of  two 
polypeptides  (Mj.  =  120,000  and  190,000)  derived  from  the  original  6  heavy 
chain.  No  analogous  protease-resistant  fragment  appears  to  oe  formed  upon 
digestion  of  the  «  subunit.  Digestion  of  unextracted  flagella  with  trypsin  to  a 
stage  at  which  the  “  chain  is  substantially  digested  but  the  6  chain  remains 
mostly  intact,  enables  a  large  amount  of  the  dynein  1  to  be  solubilized  by  3  mM 
ATP  at  physiological  salt  concentration,  indicating  that  the  affinity  of  the 
salt-sensitive  structural  bond  of  the  outer  arm  to  the  tubule  is  diminished 
substantially  by  the  early  stages  of  digestion  of  the  “  chain. 

The  overall  evidence  is  consistent  with  a  model  of  the  outer  arm  in  which 
the  «  and  6  heavy  chains  each  constitute  one  of  the  two  globular  heads.  The 
heads  appear  to  play  distinct  functional  roles,  with  the  6  head  being  the  one 
principally  responsible  for  the  cyclic  ATP-driven  detachment/reattachment  to 
successive  sices  on  the  adjacent  tubule,  which  is  the  primary  mechanism  of 
mechanochemical  energy  transduction. 
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ON  THE  MECHANISM  OF  TUBULIN  SELF-ASSEMBLY  INTO  MICROTUBULES  Serge  N.  Timasheff, 
Jose  Manuel  Andreu  and  Octavio  Monasterio,  Graduate  Department  of  Biochemistry, 
Brandeis  University,  Waltham,  MA,  USA. 

The  mechanism  of  assembly  of  pure  tubulin  into  microtubules  was  probed  by 
comparison  with  the  self-assembly  of  the  tubulin-colchicine  complex.  All 
studies  were  done  in  pH  7.0  phosphate  buffer  with  calf  brain  tubulin  prepared 
by  the  modified  Weisenberg  procedure  (Lee  et  al. ,  J.  Biol.  Chem.  (1973)  248, 
7253).  A  strong  analogy  was  found  between  the  two  polymerization  processes. 

Both  reactions  can  be  described  thermodynamically  in  terms  of  a  nucleated 
polymerization.  The  end  products,  however,  have  different  morphologies,  the 
cooperative  polymerization  of  the  tubulin-colchicine  complex  leading  to 
filamentous  or  sheet-like  structures,  rather  than  microtubules.  In  both  cases, 
the  polymerization  requires  the  presence  of  magnesium  ions  and  GTP;  both  are 
inhibited  by  calcium  ions,  GDP  and  low  temperatures.  Analysis  in  terms  of  the 
Wyman  linkage  theory  showed  the  uptake  of  one  Mg^"*"  and  one  H"*"  per  tubulin 
a-6  heterodimer  added  to  both  growing  structures.  Addition  of  the  heterodimer 
in  both  cases  is  an  endothermic  reaction,  characterized  by  a  positive  change  in 
standard  entropy  and  a  negative  change  in  heat  capacity  (for  microtubule 
formation,  ACp  =  -1500  cal  deg“^  mol~l,  AS°  =  30  e.u.  at  37°C;  for  the  tubulin- 
colchicine  complex,  ACp  =  -1200  cal  deg"l  mol~l,  AS°  =  35  e.u.  at  37®C).  The 
sole  major  difference  found  was  in  the  pattern  of  GTPase  activity:  in  micro¬ 
tubule  growth,  addition  of  a  tubulin  dimer  generates  a  slow  GTPase  activity, 
while  the  enzymic  activity  present  in  the  tubulin-colchicine  complex  was  not 
affected  by  polymerization.  Both  polymerizations  were  weakened  by  an  increase 
in  ionic  strength,  although,  in  the  case  of  microtubules,  the  effects  of  sodium 
and  potassium  salts  were  not  identical,  suggesting  ion  specificity.  Thus  the 
critical  concentrations  in  10  mM  NaCl  and  KCl  were  10.7  and  7*5  UM,  respectively, 
in  the  presence  of  12  raM  MgCl2.  The  absolute  requirement  of  GTP  for  assembly 
was  scrutinized  by  the  use  of  analogues.  Replacement  of  the  E-site  GTP  by  the 
non-hydrolyzable  analogue,  CMP-P(CH2)P,  resulted  in  a  protein  which  assembled 
readily  into  microtubules  that  were  easily  reversed  by  cold  temperature  and 
calcium  ions.  This  reaction  was  fully  endothermic,  with  no  exothermic  step 
detected  in  differential  heat  capacity  microcalorimetry  (H.-J.  Hinz  and  S.N. 
Timasheff,  unpublished).  Fluorination  of  the  Y"Phosphate  on  the  E-site  GTP 
resulted  in  inhibition  of  assembly,  indicating  that  addition  of  a  tubulin  a-6 
heterodimer  to  the  growing  end  of  a  microtubule  requires  that  the  yphosphate 
on  the  nucleotide  be  ionizable.  (This  work  was  supported  by  NIH  grants  GM-14603 
and  CA-16707.) 
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CHROMATIN  IN  THE  NEIGHBORHOOD  OF  TRANSCRIPTIONALLY  ACTIVE  GENES.  G.  Felsenf eld , 
J.M.  Nickol,  B.M.  Emerson,  J.D.  McGhee,  D.  Jackson,  Laboratory  of  Molecular 
Biology,  National  Institute  of  Arthritis,  Diabetes,  and  Digestive  and  Kidney 
Diseases,  National  Institutes  of  Health,  Bethesda,  Maryland,  USA. 

Most  of  the  DNA  within  the  eukaryotic  nucleus  is  packaged  in  nucleosomes, 
which  are  in  turn  folded  into  the  solenoidal  array  that  comprises  the  30  nra 
thick  chromatin  fiber.  When  a  gene  is  expressed,  a  variety  of  changes  occur  in 
the  chromatin  structure  in  the  neighborhood  of  the  gene.  We  have  used  the  adult 
3  globin  gene  of  chicken  erythrocytes  to  study  such  changes.  Even  when  isolated 
from  embryonic  erythrocytes  that  are  active  in  the  production  of  3  globin 
messenger  RNA,  most  of  the  DNA  in  the  neighborhood  of  the  gene  is  complexed  with 
histones.  Sequences  coding  for  the  globin  gene  are  represented  at  levels  close 
to  genomic  abundance  in  nucleosome  monomer  fractions  prepared  from  erythrocyte 
nuclei.  The  hydrodynamic  properties  of  the  particles  containing  globin  DNA  can 
be  studied  by  combining  sucrose  gradient  sedimentation  with  "dot  blot"  hybrid¬ 
ization  methods.  In  this  way,  it  is  possible  to  show  that  these  particles 
behave,  to  a  first  approximation,  like  normal  nucleosomes,  although  some 
interesting  differences  are  observed.  Despite  these  similarities  to  bulk 
chromatin,  the  3  globin  region  also  displays  important  differences.  The  entire 
gene  is  unusually  sensitive  to  digestion  by  nucleases,  and  there  is  a  nuclease- 
hypersensitive  domain  in  the  5'  flanking  region,  extending  from  about  -70  to 
-270  nucleotides  from  the  starting  point  of  transcription.  We  are  able  to  show 
that  this  domain,  which  contains  DNA  sequence  elements  important  for  regulation 
of  globin  gene  expression,  is  free  of  nucleosomes.  We  have  studied  the  physical 
properties  of  the  DNA  of  this  region,  and  show  that  it  contains  a  run  of  sixteen 
G  residues  which,  when  present  in  supercoiled  plasmids,  is  unusually  sensitive 
to  the  single-strand-specific  SI  nuclease.  We  have  also  searched  for  factors 
that  might  be  associated  with  the  DNA  of  this  region  within  chromatin.  We  find 
that  erythrocyte  nuclei  contain  a  factor  which,  when  recombined  with  globin  DNA 
and  histones,  confers  nuclease  hypersensitivity  on  the  5'  flanking  region. 
Partially  purified  column  fractions  that  are  active  in  generation  of  hyper¬ 
sensitivity  have  been  used  in  filter  binding  assays  with  restriction  fragments 
from  the  3  globin  gene  region.  These  fractions  specifically  retain  on  the 
filter  the  DNA  of  the  hypersensitive  domain.  The  filter  binding  assay  has  been 
used  to  estimate  the  abundance  of  the  factor  within  the  nucleus,  and  to  measure 
its  association  constant  for  binding  to  DNA. 
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ARE  THERE  NUCLEOSOMES  IN  HYPERACTIVE  GENES? 

Th.  Roller,  Institute  for  Cell  Biology,  Swiss  Federal  Institute  of  Technology, 
Zurich,  Switzerland. 

Since  the  discovery  of  the  nucleosome  in  1973  no  consensus  has  evolved  with 
regard  to  the  presence  or  absence  of  nucleosomes ,  or  other  histone-DNA 
complexes  in  transcribing  chromatin.  We  have  been  concentrating  on  chromatin 
structure  in  gene  systems  which  are  likely  to  be  very  active  in  transcription. 
The  following  assays  were  used,  where  possible  in  parallel  on  the  same 
material:  Micrococcal  nuclease  digestion,  accessibility  of  chromatin  to 
restriction  enzymes  with  a  6  base-pair  recognition  sequence  {DNA  in  inactive 
chromatin  is  inaccessible  according  to  our  observations)  electron  microscopy 
and  psoralen-crosslinking  of  chromatin-DNA.  So  far,  we  have  studied  the 
chromatin  structure  of  the  ribosomal  genes  of  Xenopus  laevis  oocytes  (Labhart 
and  Roller,  1982)  and  of  Dictyostelium  discoideum  (Ness  et  al.,  1983;  Sogo  et 
al.,  1984),  as  well  as  a  secretory  protein  gene  in  salivary  glands  of 
Chironomus  larvae  (Widmer  et  al.,  1984).  Our  cumulative  results  are  best 
explained  by  a  model  in  which  in  hyperactive  genes  nucleosomes  are  not  present. 
We  further  speculate  that  during  the  passage  of  RNA  polymerase  most  of  the 
histones,  at  least  histones  in  stoichiometric  amounts,  are  not  bound  to  the  DNA 
(Labhart  et  al.,  1983).  However,  this  speculation  has  yet  to  be  proven. 


Labhart,  P.  and  Roller,  Th.  (1982) :  Structure  of  the  active  nucleolar 
chromatin  of  Xenopus  laevis  oocytes.  Cell  279-292. 

Labhart,  P.,  Ness,  P.,  Banz,  E.,  Parish,  R.  and  Roller,  Th.  (1983): 

Model  for  the  structure  of  the  active  nucleolar  chromatin.  Cold  Spring 
Harbor  Syrap.  Quant.  Biol.  £7,  557-564. 

Ness,  P.J.,  Labhart,  P.,  Banz,  E. ,  Roller,  Th.  and  Parish,  R.VJ.  (1983): 
Chromatin  structure  along  the  ribosomal  DNA:  regional  differences  and 
changes  accompanying  cell  differentiation.  J.  Mol.  Biol.  166,  361-381. 

Sogo,  J.M.,  Ness,  P.J.,  Widmer,  R.M.,  Parish,  R.W.  and  Roller,  Th.  (1984): 
Psoralen-crosslinking  of  DNA  as  a  probe  for  the  structure  of  active 
nucleolar  chromatin,  j.  Mol.  Biol.,  submitted. 

Widmer,  R.M.,  Lucchini,  R.,  Lezzi,  M.,  Sogo,  J.M.,  Edstrom,  J.E.  and 
Roller,  Th.  (1984) :  Chromatin  structure  of  a  hyperactive  secretoiy 
protein  gene  of  Chironomus.  EMBO  J.,  submitted. 
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THE  STRUCTURE  OF  THE  NUCLEOSOME  CORE  PARTICLE  OF  CHROMATIN  AT  1%  RESOLUTION 
T.J.  Richmond,  J.T.  Finch,  B.  Rushton,  D.  Rhodes  and  A.  Klug, 

MRC  Laboratory  of  Molecular  Biology,  University  Postgraduate  Medical  School, 
Hills  Road,  Cambridge,  U.K. 

The  nucleosome  is  the  fundamental  structural  unit  of  the  chromatin  in 
euRaryotic  cells.  It  has  a  composition  of  approximately  200  base  pairs  of 
DNA,  an  octamer  of  the  core  histones,  and  the  outer  histone,  HI.  The 
nucleosome  core  particle  is  released  from  chromatin  by  nuclease  digestion,  and 
consists  of  146 (±2)  base  pairs  of  DNA  wrapped  around  the  core  histone  octamer 
in  approximately  1.8  turns  of  a  superhelix.  The  octamer  itself  is  assembled 
from  a  tetramer  of  a  pair  of  each  of  the  histones  H3  and  H4,  and  two  dimers  of 
the  histones  H2A  and  H2B. 

X-ray  crystallography  has  been  used  to  determine  the  structure  of  the 
nucleosome  core  particle  to  a  resolution  of  7  8.  The  crystals  are  in  the 
orthorhombic  space  group  P2i2j2j  having  unit  cell  dimensions  of  a=107.5, 
b=184,  and  c=110.52  with  one  particle  of  206,000  daltons  per  asymmetric  unit. 
Cluster  compounds  containing  several  heavy  atoms  were  used  in  conjunction  with 
the  method  of  multiple  isomorphous  replacement  to  solve  the  structure. 

Several  other  special  procedures  were  necessary  to  offset  the  difficulties  due 
to  the  large  asymmetric  unit  and  variation  in  the  cell  dimensions. 

The  current  electron  density  map  is  in  general  agreement  with  the  results 
of  past  crystallographic  studies,  but  it  also  reveals  many  structural  features 
unobserved  at  lower  resolution.  The  disk  shaped  particle  is  approximately 
57X  high  and  106^  in  diameter.  It  has  been  verified  that  the  double  helix  is 
of  the  right-handed  B-form  arranged  in  a  left-handed  superhelix  with  a  pitch  of 
approximately  3o8.  The  DNA  is  not  uniformly  wrapped  around  the  histone 
octamer,  but  exhibits  several  tight  bends  or  possible  kinks  along  the  super¬ 
helix.  The  sites  of  greatest  curvature  in  the  superhelix  occur  adjacent  to 
points  where  histones  H3  or  H4  make  substantial  contact  with  a  minor  groove 
that  is  directed  to  the  interior  of  the  particle.  At  no  point  along  the  DNA 
superhelix  does  the  protein  density  appear  to  wrap  around  the  double  helix  nor 
does  it  penetrate  between  the  turns  of  the  superhelix.  In  general,  the 
protein  contacts  with  the  DNA  are  confined  to  the  inner  face  of  the  superhelix, 
where  interactions  are  made  on  nearly  every  turn  of  the  double  helix.  The 
distortions  from  a  regular  superhelical  structure  may  impart  a  DNA  sequence 
dependency  on  chromatin  superstructure.  The  points  of  tightest  bending  are 
well  correlated  with  the  sites  of  DNAse  I  protection  and  dimethylsulfate 
reaction  enhancement  of  the  core  particle  DNA. 

The  greater  part  of  the  individual  histone  domains  are  clearly  defined  in 
the  electron  density  map.  The  histone  assignments  that  were  deduced  from 
chemical  crosslinking  data  and  the  previous  low  resolution  model  are  consistent 
with  the  protein  domains  seen  now,  the  H3  histone  dimer  having  been  identified 
with  a  heavy  atom  label.  The  halves  of  the  H3.H4  tetramer  and  the  central 
turn  of  the  DNA  superhelix  are  well  related  by  a  non-crystallographic  symmetry 
axis.  However  as  a  consequence  of  inter-nucleosoraal  DNA-H2A  associations  in 
the  crystal,  the  H2A-H2B  dimers  which  reside  on  opposite  faces  of  the  core 
particle  do  not  maintain  the  molecular  dyad  symmetry  visible  in  the  tetramer 
region.  The  dislocation  of  one  of  the  H2A-H2B  dimers  suggest  a  disassembly 
pathway  for  the  octamer  which  may  be  of  biological  importance.  The  observed 
positions  of  the  H2A  dimers  in  the  core  particle  would  appear  to  affect  the 
path  of  the  linker  DNA  as  it  enters  and  exits  the  nucleosome. 
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POLYSACCHARIDE  INTERACTIOit'S  IN  ORIENTED  GELS 
E.D.T.Atklng.  R.H.Vills  Pbyctei  L«bor4tory,  Roytl  Fort, 
Uoivorsity  of  Bristol, BrfttoliEngltad. 

X-rsy  diffrtctlon  sothodc  htre  been  used  to  exsaloe 
oriented  fibres  prepsred  froa  concentrsted  solutions  end  gels 
of  polyssccbsridos.  Antlysis  of  the  diffraction  apectra  to» 
•getber  with  cosputerlsed  eodel  building  procedures  provide 
inforsatlon  on  the  geosotry,  conforsation  and  association  of 
polysaccharide  chains  in  these  oriented  sasples. 

In  certain  eases  the  X«ray  derived  periodicities,  parti* 
-cularly  those  generated  along  the  polysaccharide  chains,  do 
not  bear  a  straightforward  relationship  with  values  expected 
froB  our  knowledge  of  the  stereocheaistry  of  the  chestcal 
sequence.  The  e:;tra  cellular  aicroblal  polysaccharide  curdlan 
is  an  exaeplo  where  a  successful  solution  has  been  found. 
However,  In  the  case  of  gellan  gua  serious  probleas  still 
exist  and  a  variety  of  aodol  structures  hsve  to  be  considered 
The  stereoeheaiesl  consequences  and  wider  Ispllcations  will 
be  discussed.  The  repeating  tetrasaccharlde  repeat  is  approx* 
~  iaately  2na  in  length  but  the  observed  X*ray  diffraction 
periodicities  have  a  value  of  O.B^na,  less  than  half  that 
expected.  Various  eontrseted  single  helices  and  the  claaaea 
of  intertwined  aultlstand  helices  will  be  illustrated  and 
contrasted. 


■niE  STRUCTURE  OF  CASEIN  MICELLES 

D.G.  Dal^leish,  The  Hannah  Research  institute,  AYR, 

Scotland,  U.K. 

Casein  eiolles  of  bovine  Bilk  arc  coeposed  of  proteins  of 
four  different  structures^  together  with  calciva  phospnato, 
calciua  ions  and  saall  aaounts  of  citrate  and  have  radii  of 
up  to  2C0na.  The  structure  is  highly  porcus,  allowing 
relatively  free  passage  of  protein  in  and  out  of  the 
structure.  SVtbility  is  achieved  by  a  surface  containing 
K*casein«  which  contains  a  hydrophobic  Doicty,  and  say 
achieve  its  action  by  sterlc  stabilisation.  Destabilisation 
and  aggregation  of  the  sicelles  cay  be  achieved  by  the 
action  of  proteases,  by  addition  of  alcohol,  or  by  heating, 
all  of  which  affect  the  sice^le  structure  in  different  ways. 
The  concept  of  the  alcolle  as  a  systen  in  dynaaic  cquili* 
briua,  rather  t*  wt  a  fixed  structure  requires  consideration 
to  explain  the  changes  thought  about  which  Lead  to  instabi* 
llty.  Caseins,  in  taolcvular  or  Blcellar  fora  are  excellent 
eaul^ifiors,  and  Uic  sechanisa  of  the  interaction  between 
casein,  especially  in  the  alcoUar  fora,  and  lipid  surfaces 
requires  the  postulation  of  further  structural  changes  in 
the  Bicello  to  explain  the  behaviour  of  eaulsified  particles 
with  respect  to  destabilizirg  phenomena. 


FILM  AND  EMULSION  FORMATION  OF  sm  FOOD  PROTEINS 
E.  To»*nberq.  Swedish  Meat  Research  Institute,  KSvIinge, 
Sw^en. 

This  paper  will  review  results  obtained  on  surface  cover* 
age  of  proteins,  on  the  foroatior-  of  protein  stabilised  eroul* 
slons,  and  coalescence  stability  of  these  emulsions.  The 
protein  prepa.ations  studied  were  sodiura  caseinate,  whey 
tefn,  blood  plasoa,  soy  protein  and  sarcoplasmic  proteins. 

The  surface  fils  formation  of  the  proteins  has  been 
followed  by  measuring  the  kinetics  of  the  Interfacial  tension 
dec^v.  It  nas  been  analyzed  in  term  of  distinguishable 
lOte-deteroining  steps,  diffusion-  and  penet«*ation*controlled 
adsorption  of  proteins.  Depending  on  whether  diffusion  or 
penetration  is  the  ro^e  controlling  step  during  adsorption, 
different  protein  oeobranes  are  fort^d.  This  will  oe  shown 
for  varying  initial  protein  subphase  concentrations,  for 
different  proteins  and  inUi'faces,  and  for  a  variety  in 
charge  density  of  the  proteins. 

Protein  stabilized  emulsions  have  been  characterized  wUh 
regard  to  oil  particle  size  distribution  and  the  amount  of 
protein  adsorbed  per  unit  area  of  fat  surface  (protein  load). 
The  former  prooerty  of  the  emulsion  is  mainly  governed  by  the 
emulsifying  conditions.  Tne  protein  load  is  largely  deter¬ 
mined  by  the  protein/oil  surface  area  ratio,  the  protein 
used,  the  charge  density  and  by  the  occurrence  of  recoales¬ 
cence  during  emulsion  formation. 

Coalescence,  measured  as  percentage  oil  extracted  by 
hexane,  decreased  with  an  increase  in  f«U  surface  area.  No 
straightforward  relationship  has  been  observed  between  the 
coalescence  stability  of  the  emulsions  and  the  protein  load. 


RECHfT  DITTRACTICN  STODIES  OP  STARCH  CRAinJI£  STRUCTDRS 
John  M.7.  Blaaahardt  ]>&vld  L.  Vlld  and  David  R.  Batee,  De- 
partsent  of  Applied  Biochesistzy  and  Food  Science,  School  of 
A^icxdturo,  Sutton  Bonir.^tcn,  Loughborou^  1£12  5HD 

Theoretical  X-zay  powder  diffraction  pattexna  have  been 
calculated  baaed  on  ^  published  atomic  coordinates  of  the 
cxystal  structures  of  A-  and  B-ax^loses.  There  appear  to  be 
differences  between  the  calculated  spectra  and  the  experi¬ 
mental  powder  diffraction  patterns  obtained  froa  A-  and  B- 
starcbes.  Possible  explanations  for  these  differences  will 
be  coneidered.  At  the  supezmolecular  level,  the  recent  use 
of  saall  an^le  X-r&y  (SAXS)  and  snail  an^c  neutron  (SANS) 
scattering  has  given  valuable  insight  into  long  range  order 
within  the  ^anule  and  points  to  a  regular  periodicity  of 
approx.  100A.  exaalning  the  scattering  of  suitably  pre¬ 
pared  wheat  starch  granules  in  an  appropriate  D^O/^0  mix¬ 
ture,  it  has  proved  possible  to  deaonstrate  a  ^  ^  further 

periodicity  at  15O-I60X  for  which  lipid  is  believed  to  be 
responsible.  The  Ix^llcations  of  these  structural  observ¬ 
ations  on  gelatinizatloD,  particularly  when  sonitored  by  th« 
dynaaic  saall  angls  ll^t  scattering  technique  will  be 
discussed. 


GELATIN  ♦  CASEINATE  AT  THE  OIL-WATER  INTERFACE 

S>,  M.  Chesworth,  C.  Oxckinso.*^,  B.  S.  Murray,  D.  J.  Pogson, 

A.  Searlc  and  C.  S^alnsby,  Procter  Deparenent  ci  Food 
Science,  University  of  Leeds,  U.  K. 

Xnterfactal  tensions  a^d  vtccocl^sticitxes  of  aixed 
adsorbed  filtes  of  gelatin  *  sedlua  caseinate  have  been 
measured  at  as  a  function  of  tire  at  the  n-J exadecane- 
water  int>rface  (pH  7.2,  ionic  strength  O.OOS  “).  At  a 
constant  bulk  protein  concentration  {10'*  wt%),  the  ^itte 
to  develop  a  steady-stat*’  surface  pressure  »:n)  is 
much  less  than  that  over  which  is  observed  a  steady 
increase  in  surface  shear  nodulus  and  surface  viscosity. 
Initial  changes  in  surface  pressure  (4  1  rin)  are  sensitive 
to  protein  concentration,  but  not  to  protein  cosposition. 

At  lo.nger  times  <>10  am),  the  gelatin  and  casemate 
components  aaKs  prodoninant  contributions  to  the  surface 
rheology  and  pressure  respectively.  The  aechanxcal 
pro{>e:ties  of  the  mixed  films  are  not  simple  averages  of 
those  of  the  'pure*  protein  filns. 

Mixtures  of  the  same  gelatin  and  caseinate  samples 
have  been  used  to  make  emulsions  of  a  vegetable  oil  in 
water.  An  analysis  of  the  supernatant  and  creaa  layers 
following  emulsion  centrifugation  gives  an  estimate  of  the 
proportions  of  the  two  proteins  in  bulk  and  adsorbed 
phases,  stabilities  of  emulsions  containing  gelatin  * 
caseinate  (pH  7.2,  ionic  strength  O.OOS-2.0  M)  have  been 
measured  for  comparison  with  stabxliti'^s  of  emulsions 
containing  gelatin  and  casemate  alone  at  the  same  protein 
load  and  phase  volume  ratio. 


NON-LINEAR  VISCOELASTICITY  IN  POLYSACCHARIDE  SOLUTIONS 
R.K.  Richardson  and  $.8.  Ross-Hurphy,  Unileve*'  Research, 
Colworth  Laboratory,  sharnbrook,  Bedford. 

Dynamic  oscillatory,  steady  shear,  tloe  evolution  of 
stress  in  start  shear  and  its  recovery,  the  strain  dependence 
of  stress  relaxation  and  other  non-linear  viscoelastic  tneasu- 
renentv  nay  be  used  to  Investigate  the  sioiilarity  and  the 
differences  of  response  observ.»d  in  ‘entangleraent  networks' 
and  'weak  gel  netw'brk*  ('thixotropic')  polysaccharide  jolu- 
tions.  The  fomer  type  of  behaviour,  observed  for  exansple  for 
aqueous  solutions  of  guar  galactonannan,  follow  the  expected 
behaviour  including  Cox-Merz  superposition  of  R.*(w),  in 
the  same  way  as  most  solutions  of  synthetic  polymers  in  orga¬ 
nic  solvents.  By  contrast,  'weak  gel'  syst€«is  here  exempli¬ 
fied  by  solutions  of  the  microbial  polysaccharide  xanthan, 
have  properties  much  more  akin  to  those  observed  for  colloid¬ 
al  dispersions  (I.e.  Bingham-like  flow  properties).  In  the 
above  cases  of  guar  and  xanthan,  viscoelastic  properties  will 
be  related  to  the  flexibility  of  the  original  polysaccharide, 
and  the  nature  of  the  intcrmblecular  entangleocnts/interact- 
ions.  Particularly  for  the  polyelcctrolyte  xanthan,  the  vis¬ 
coelastic  properties  depend  not  only  upon  the  ionic  strength 
of  the  solvent,  but  also  upon  the  nature  of  the  counterion 
tpecies. 
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TIME-RESOLVED  X-RAY  DIFFRACTION  STUDIES  OF  STRUCTURAL  CHANGES  IN  MUSCLE  DURING 
ACTIVATION  AND  CONTRACTION 

H.E.  Huxley,  M.  Kress,  A.R.  Faruqi  (MRC  Laboratory  of  Molecular  Biology, 
Cambridge),  M.H.J.  Koch  &  J.  Hendrix  (EMBL,  Hamburg) 

We  have  continued  our  studies  on  the  behaviour  of  the  low-angle  X-ray 
diffraction  diagrams  from  the  actin  and  myosin  filaments  during  contraction  of 
striated  muscle,  taking  advantage  of  the  high  X-ray  intensity  provided  by  the 
Storage  Ring  'DORIS'  in  Hamburg  and  improved  data-collecting  facilities 
provided  by  the  EMBL  Outstation  there.  Earlier  work  using  film  and  con¬ 
ventional  X-ray  sources  had  shown  a  characteristic  increase  in  intensity  on  the 
second  actin  layer  line  at  a  radial  spacing  around  0.021  8  which  could  be 
interpreted  in  terms  of  a  movement  of  tropomyosin  towards  the  centre  of  the 
long  pitch  grooves  in  the  actin  helical  structure  (the  steric  blocking 
mechanism).  The  present  work  confirms  the  existence  of  this  substantial 
intensity  increase,  specifically  associated  with  the  active  state,  and  shows 
that  it  occurs  earlier  after  the  stimulus  than  any  of  the  other  changes  in  the 
X-ray  diagram  that  we  have  studied.  At  5°C,  the  average  half-time  for  the 
change  was  17  msec  (48  experiments).  Under  similar  conditions,  the  changes  in 
the  equatorial  pattern  (showing  crossbridge  attachment)  have  a  half-time  of 
about  25-30  msec,  while  half  maximum  tension  is  reached  in  about  45  msec.  In 
seraitcndinosus  muscles  stretched  beyond  overlap,  the  intensity  increase  on  the 
second  layer  line  is  still  observed,  and  can  have  a  similar  magnitude  to  the 
change  at  normal  overlap.  These  results  (and  others)  suggest  that  in  relaxed 
muscle  under  physiological  conditions,  the  initial  attachment  of  crossbridges 
is  blocked  by  the  troponin-tropomyosin  system,  and  that  when  this  inhibition  is 
removed  following  stimulation,  attachment  takes  place  to  an  initial  state  which 
does  not  develop  tension  until  a  further  rate  process  (which  may  also  be 
regulated  by  troponin/ tropomyosin)  has  occurred.  The  results  also  indicate 
that  tropomyosin  movement  takes  place  in  response  to  calcium  binding  to 
troponin  independeptly  of  myosin  attachment.  Analogous  observations  on  the 
59  8  actin  reflection  indicate  that  part  of  the  increase  in  intensity  observed 
during  contraction  is  associated  with  the  activation  process  itself  and  part 
with  cross-bridge  attachment. 

In  collaborative  work  with  R.M.  Simmons  we  have  examined  the  behaviour  of 
the  equatorial  reflection  during  quick  releases  of  otherwise  isometrically 
contracting  muscles.  A  very  rapid  increase  in  the  side  spacing  of  the 
filaments,  by  up  to  2%,  takes  place  when  tension  is  removed,  i.e.  a 
substantially  larger  amount  than  would  be  expected  from  the  length  change  of 
the  sarcomeres.  Nevertheless,  only  very  small  (1-2%)  changes  in  the  intensity 
of  the  [id]  and  [ll]  reflections  are  seen.  The  significance  of  these 
observations  in  terms  of  changes  of  shape  or  orientation  of  the  crossbridges 
during  their  working  stroke  will  be  discussed. 
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PROBING  THE  ACTOMYOSIK  ATPASE  MECHANISM  IN  SKELETAL  MDSCLE  FIBERS 

Y.E.  Goldman ,  Department  of  Physiology,  University  of  Pennsylvania, 

Philadelphia,  PA  U.S.A. 

Transformation  of  metabolic  energy  into  mechanical  work  by  muscle  is 
accomplished  by  a  cyclic  interaction  between  myosin  and  actin  in  the 
contractile  filaments  driven  by  hydrolysis  of  ATP  to  ADP  and  ortho¬ 
phosphate  (P,).  Scheme  1  shows  the  sequence  of  reactions  which  occur 
when  isolated  actomyosin  splits  ATP  in  solution. 


ATP 

A  . M  '  A.M.ATP 


M.ATP  - — 


A.h.ADP.P.; 


:M.  ADP.P.- 
1 


P. 

1 


rA.M.ADP 


ADP 


A.M 


(Scheme  1) 

M.ADP 

Where  M  =  myosin;  A  =  actin 


Our  working  hypothesis  is  that  the  sequence  of  reactions  in  a  con¬ 
tracting  muscle  fiber  is  similar  to  Scheme  1  but  regulation  of  some  of 
the  reactions  may  be  altered  by  mechanical  force  generation  and  filament 
sliding.  We  have  developed  several  new  techniques  to  test  this 
hypothesis. 

Mammalian  single  skinned  muscle  fibers  were  put  into  a  rigor  con¬ 
traction  (A.M)  by  removing  ATP.  The  medium  contained  "caged  ATP",  an 
inert  compound  that  can  be  photolyzed  by  a  pulse  of  ultraviolet  (347  nm) 
laser  light,  to  ATP  and  a  leaving  group.  The  step  increase  in  ATP 
concentration  within  the  fiber  relaxed  the  rigor  tension  via  reactions  I 
and  2.  These  steps  are  rapid,  independent  of  Ca  ,  and  similar  in  rate 
to  the  corresponding  reactions  in  experiments  with  the  solubilized 
pro  telns . 

The  kinetics  of  reactions  3,  4  and  5  were  found  to  be  rapid  compared 
to  the  overall  cross-bridge  cycTe  in  photolysis  experiments  with  Ca^"^ 
present.  Reaction  5  (Pj^  release)  may  be  reversible  in  a  muscle  fiber 
whereas  Pj^  does  not  readily  bind  to  isolated  actomyosin.  This  result 
suggests  that  cross-bridges  in  the  A. M.ADP  state  are  under  more 
mechanical  strain  than  A. M.ADP. Pj^.  Caged  ATP  photolysis  experiments  in 
the  presence  of  ADP  relate  to  reaction  6.  ADP  binds  more  tightly  to 
muscle  fibers  than  to  Isolated  actomyosin  apparently  because  ADP  release 
from  A. M.ADP  (forward  reaction  6)  is  much  slower  in  fibers. 

Reaction  3  was  probed  in  muscle  fibers  by  measuring  the  extent  of 
oxygen  exchange  between  bound  product  P.  and  solvent  labelled  with  the 
stable  isotope,  In  the  absence  of  Ca^’*',  there  was  a  high  degree  of 

incorporation  of  solvent  oxygen  atoms  into  the  product  Pj^  indicating 
that  reformation  of  M.ATP  from  M.ADP.Pj  (reversal  of  reaction  3)  occurs 
more  rapidly  than  P.  release  from  M. ADP.P.  (reaction  7).  In  the  presence 
of  Ca^’*',  much  less^  ^^0  exchange  occurred  suggesting  that  Pj^  release 
via  reactions  4  and  5  occurs  more  rapidly  than  reversal  of  step  3. 

We  are  improving  our  understanding  of  the  relationship  between  the 
chemistry  and  mechanics  of  muscle  cross-bridges.  Several  of  the  inter¬ 
mediate  reactions,  namely  ATP  binding,  cross-bridge  detachment,  ATP 
hydrolysis,  and  cross-bridge  reattachment  occur  similarly  in  muscle 
fibers  as  with  the  isolated  proteins.  Other  reactions,  namely  release  of 
Pj^  and  ADP  from  the  actomyosin-products  complex,  have  very  different 
kinetics  in  the  fibers.  This  difference  suggests  that  the  product 
release  steps  are  closely  coupled  to  the  force  generation  and  control  of 
physiological  contractions.  Supported  by  NIH  grants  HL15835,  AM26846  and 
AM00745  and  by  MDA. 
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MEASURING  THE  ORIENTATION  AND  MOTION  OF  MUSCLE  CROSS-BRIDGES  USING 
PARAMAGNETIC  PROBES  R.  Cooke,  M.  Crowder  and  D.  Thomas,  Department  of 
Biochemistry  &  Biophysics,  University  of  California,  San  Francisco,  San 
Francisco,  CA  S4143,  IBM  Instruments,  San  Jose,  CA  95110,  Department  of 
Biochemistry,  University  of  Minnesota  Medical  School,  Minneapolis,  MN  55455. 

Current  theories  of  muscle  contraction  envision  a  cyclic  interaction  in 
which  force  is  generated  by  a  change  in  orientation  of  myosin  during  its 
powerstroke.  Paramagnetic  probes  (nitroxide  spin  labels)  provide  an 
excellent  means  to  test  this  hypothesis  since  the  angular  distribution  of  the 
probes  can  be  determined  from  EPR  spectra  and  their  rotational  motion  can  be 
measured  from  saturation  transfer  (ST-EPR)  spectra.  Ke  have  used  spin  labels 
specifically  attached  to  a  reactive  sulfhydryl  on  the  myosin  head  in 
glycerinated  rabbit  psoas  muscle  to  examine  rigor,  relaxed  and  contracting 
muscle  fibers. 

The  EPR  spectra  of  probes  attached  to  the  myosin  heads  of  rigor  fibers 
show  that  the  probes  are  highly  ordered  with  respect  to  the  fiber  axis  and 
that  the  probes  are  rigid  on  the  millisecond  time  scale.  In  relaxed  fibers 
there  is  a  random  distribution  of  probe  orientations,  and  rotational  motion 
in  the  1-10  microsecond  time  range.  Similar  disorder  and  mobility  is 
observed  for  isolated  myosin  filaments  and  for  non-overlap  regions  of 
stretched  fibers,  indicating  that  the  myosin  heads  in  relaxed  fibers  are 
detached  from  the  actin  filaments.  We  conclude  that  the  myosin  heads  in 
relaxed  fibers  are  executing  large  angle  (>90°)  Brownian  rotation  in 
microseconds. 

.'.ddition  of  both  ATP  and  calcium  to  fibers  produces  isometric  contaction 
aru  spectra  which  consist  of  a  superposition  of  the  spectra  obtain  in  rigor 
and  relaxation.  Approximately  20%  of  the  myosin  heads  have  probes  oriented 
at  the  same  angle  as  rigor  muscle,  and  the  probes  on  the  remaining  heads  are 
highly  disordered.  ST-EPR  spectra  show  that  about  20%  of  the  probes  are 
rigid  while  80%  are  undergoing  Brownian  rotations  identical  to  probes  in 
relaxed  muscle.  This  observation  supports  the  conclusion  that  the  disordered 
fraction  of  probes  (*80%)  are  on  myosin  heads  that  are  not  attached  to  actin. 
These  EPR  results  have  one  simple  interpretation:  during  the  contractile 
cycle  the  myosin  head  spends  approximately  80%  of  its  time  detached  from 
actin  and  20%  of  its  time  attached  with  probes  at  a  fixed  orientation. 

During  isometric  contraction,  attached  myosin  cross-bridges  are  most  probably 
distributed  throughout  the  powerstrolce.  Thus  during  the  powerstrolce  the  spin 
probe  does  not  undergo  a  change  in  orientation. 

Force  could  be  generated  by  the  rotation  of  one  domain  of  myosin  while  a 
second  domain  containing  the  probe  remains  rigidly  attached  to  actin. 
Alternatively,  some  region  of  the  myosin  molecule  could  shorten  during  the 
powerstro)ce .  The  first  hypothesis  could  be  defined  more  precisely  if  we  )tnew 
the  position  of  the  probes  on  the  myosin  head.  Recently  fluorescence  energy 
transfer  has  shown  that  both  the  reactive  sulfhydryl  and  the  nucleotide  site 
on  myosin  are  distant  (5nm  or  greater)  from  probes  on  actin  (Ta)cashi,  1979, 
Trayer  et  al,  1982  dos  Remedies  and  Cooke,  in  press).  Thus  a  rather  large 
portion  of  the  myosin  head  >50%  does  not  change  orientation  during  the 
powers  tro)ce. 

Recently  a  spin-labeled  analog  of  ADP  (SL-ADP)  with  the  label  attached 
to  the  2'  or  3'  position  of  the  ribose  ring  has  been  shown  to  bind  in  an 
oriented  fashion  to  the  myosin  heads  of  rigor  fibers.  Relaxation  of  the 
fibers  by  addition  of  Vanadate  induces  disorder  in  the  spectra  of  the  analog. 
The  orientation  of  the  analog  is  not  altered  by  the  application  of  tension  to 
rigor  fibers.  In  these  respects  the  probes  on  the  nucleotide  mimic  those 
attached  to  the  reactive  sulfhydryl. 

Supported  by  grants  from  the  USPHS  AM30868,  GM27906  and  AM  00G51  and 
from  th^  NSF  PCM-8004612. 
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NEW  TRENDS  IN  THE  INSTRUCTION  OF  BIOPHYSICS 

H.  Anbar,  Department  of  Biophysical  Sciences,  State  University  of  New  York  at 
Buffalo,  Faculty  of  Health  Sciences,  118  Cary  Hall,  Buffalo,  New  York,  U.S.A. 

Taking  the  situation  of  Biophysics  in  the  universities  in  the  United  States 
into  consideration,  it  is  concluded  that  more  relevant  courses  must  be  offered 
to  the  undergraduates  and  medical  students. 

Offering  courses  in  applied  Biophysics  to  make  Biophysics  a  more  attractive 
subject  for  graduate  students  does  not  mean  discontinuance  of  conventional 
specialized  graduate  courses  on  a  variety  of  fundamental  biophysical  topics. 

In  fact,  offering  thematics  undergraduate  courses  and  applied  biophysics  courses 
is  expected  to  result  in  an  increased  enrollment  in  specialized  fundamental 
biophysics  courses. 
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BIOPHYSICS  TEACHING  FOR  STUDENTS  FROM  DEVELOPING  COUNTRIES  -  S.Mascarenhas,  Bio 
physics  Lab.,  Inst.  Phys.  and  Chem. ,  CP  369,  S. Carlos,  SP,  13560,  Brazil. 

The  teaching  of  biophysics  for  students  from  developing  countries  is 
important  for  several  reasons:  1)  Biophysics  is  an  interdisciplinary  area  and 
interdisciplinarity  is  an  inportant  facet  os  science  for  development;  2)  Bio¬ 
physics  has  both  basic  and  applied  possibilities  thereby  constituting  a  highly 
desirable  activity  in  third  world  countries  of  different  stages  of  development; 

3)  In  many  developing  countries  scientific  activities  in  Physics  have  evolved 
through  highly  abstract  aspects  in  particular  attractive  for  the  best  young 
scientists.  Biophysics,  mtli  its  great  aitplitude  and  strong  motivation  consti¬ 
tutes  an  excellent  attraction  and  alternative  for  physicists.  In  this  paper  we 
want  to  report  on  our  experience  for  approximately  10  years  in  Brazil,  Mexico 
and  other  Latin  American  countries  on  the  implantation  of  biophysics  for  physi¬ 
cists  as  contrasted  to  "physiological"  biophysics.  This  experience  has  been 
supplemented  in  the  last  3  years  mth  our  activities  as  Director  of  Biophysics 
and  Nfedical  Physics  Colleges  at  the  International  Center  for  Theoretical  Physics 
(ICTP)  in  Trieste,  an  Ifiesco  and  AIEA  institution.  It  was  indeed  vere  interes¬ 
ting  that  Prof.Adbus  Salam,  Nobel  laureate  1979,  in  the  field  of  elementary 
particle  physics,  gave  full  support  to  Biophysics  programme  for  developing  coun¬ 
tries  \diich  is  noiv  a  permanent  activity  of  the  ICIT.  Participants  come  frirni  all 
over  the  world,  Asia,  Africa,  Latin-America,  Oceania,  Middle-East.  With  this 
experience  we  have  found  that  the  teaching  of  biophysics  for  developing  countries 
present  particular  aspects  that  we  summarize  belcui:: 

1)  At  the  present  stage  the  teaching  of  biophysics  at  the  graduate  or 
post-doctoral  level  is  the  most  inportant  for  developing  countries  ^diere  there 
is  practically  no  tradition  of  biophysics  particulaiy  among  physicists . 

2)  Tlie  teaching  of  biophysics  at  Institutions  of  non -biological  areas 
such  as  Institutions  or  Schools  of  Physics,  Giemistry  and  Engineering  is 
extremely  important  not  only  because  it  is  an  area  of  great  potential  in  view 
of  inter-disciplinarity  but  because  teaching  of  biophysics  in  many  countries  is 
connected  to  physiology  or  at  most  biochemistry  and  normal  resistance  to  change 
to  modem  molecular  physical  aspects  of  biophysics  is  encountered. 

3)  Tlie  teaching  of  biophysics  in  optional  courses  at  the  undergraduate 
level  is  an  important  strategy  for  introducing  biophysics  from  research  groups 
centered  around  this  new  area.  In  fact  it  is  our  personal  view  tliat  tlie  teadiing 
of  biophysics  has  to  come  together  with  research  motivation.  Tliis  way  active 
research  groups  are  in  a  most  favoured  position  for  the  teadiing  of  biophysics. 
Teaching  of  biophysics  without  researdi  motivation  in  particular  in  developing 
countries  is  faced  with  the  dangers  of  alienation  and  lack  of  criativity. 

4)  An  extended  concept  of  biological  physics  emcompassing  molecular 
biophysics  and  medical  physics  is  very  inportant  for  tlie  Third  World.  So  it  is 
our  contention  that  Biophysics  (microscopic)  and  Medical  Physics  (phenomenolo¬ 
gical)  area  two  complementary  areas  tliough  diverse  tecniques  of  teadiing  will 
have  to  be  applied  to  both. 

The  teadiing  of  biophysics  for  biological  oriented  institutions  should 
in  our  view  receive  the  new  winds  of  physical  biophysics  and  at  tlie  same  time 
collaborate  in  such  a  way  that  the  bio  in  biophysics  is  a  reality  and  not  only 
a  prefix.  In  our  contribution  we  plan  to  discuss  curricular  strategies  we  have 
adopted  for  the  teaching  of  biophysics  according  to  the  lines  broadly  outlined 
above. 
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BIOPHYSICS  EDUCATION  IN  THE  MEDICAL  SCHOOLS  IN  DENMARK 

Jens  6.  Njirby,  Institute  of  Biophysics,  University  of  Aarhus,  DK-8000  Arhus  C, 
Denmark. 

The  teaching  of  physics  and  biophysics  in  two  of  the  medical  schools  in 
Denmark  is  organized  traditionally  with  physics  in  the  first  year  and  biophysics 
and  physiology  later.  The  third  school  in  Arhus  has  no  physics  course,  but  the 
biophysics  course  in  the  first  year  (the  main  topic  of  this  communication)  is 
based  on  high  school  (college)  physics,  and  is  custom-designed  to  provide  a 
quantitative  approach  to  biology  and  physiology.  This  is  reflected  in  the 
selection  of  subjects  taught.  The  course  consists  of  24  modules,  each  with  a 
lecture  and  a  small-group  session  with  problem  solving.  The  problems  have  the 
form  of  general  physiology  “case  stories”  designed  to  develop  and  test  the 
students  ability  a)  to  identify  a  problem,  b)  select  the  relevant  information, 
and  c)  apply  physical  and  mathematical  skills  in  solving  the  problem.  Examples 
of  such  "case  stories"  will  be  given. 

Several  educational  obstacles  are  encountered  during  this  course,  e.g.  the 
science  background  of  the  students  starting  the  course  is  variable  and  often 
poor,  and  the  fundamental  importance  of  quantitative,  scientific  thinking  in 
the  medical' profession  is  often  not  appreciated.  The  failure  rate  at  the  final 
test  is  therefore  (?)  quite  high:  30-55%,  so  that  more  than  a  third  of  the 
students  require  more  than  one  attempt  to  pass.  It  will  be  discussed  how  this 
situation  may  be  ameliorated  without  loss  of  the  objectives  and  the  goals  of 
the  course. 
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BiOPHYSICS  AS  A  FiRST  DEGREE  COURSE  -  THE  POSITION  IN  THE  U.K. 
A.C.T.North,  Astbury  Department  of  Biophysics,  University  of  Leeds, 

Leeds  LS2  9JT. 

What  is  biophysics?  Is  it  a  proper  discipline  in  itself?  And  is  it  a  proper 
subject  for  a  first  degree  course?  Collins  English  Dictionary  defines  biophysics 
as  "the  physics  of  biological  processes  and  the  application  of  methods  used 
in  physics  to  biology".  Such  a  definition  in  terms  of  longer-established 
disciplines  perhaps  implies  that  it  cannot  stand  by  itself;  but  such  an 
implication  ignores  the  fact  that  no  distinct  boundary  can  be  drawn  between 
any  sciences  -  modern  chemistry  would  be  unthinkable  without  methods  such 
as  spectroscopy  and  crystallography  that  originated  in  physics;  modern 
physics  would  be  nowhere  without  the  logical  and  computational  tools  of 
mathematics.  Our  definitions  of  subjects  are  purely  an  operational  convenience 
whose  need  arose  when  universities  grew  sufficiently  large  to  require  sub¬ 
division  into  departments  of  specified  function  and  when  modern  styles  of 
university  teaching  developed,  with  a  need  to  define  the  scope  of  the 
knowledge  expected  of  a  graduand. 

It  therefore  seems  more  profitable  to  attempt  to  answer  the  third  of  my 
questions  and,  in  doing  so,  I  would  draw  attention  to  the  dual  aspects  of 
the  subject  implied  by  the  dictionary  definition  quoted  above.  It  is  not 
sufficient  to  think  of  biophysics  as  "physics-with-biology",  which  loses  the 
essence  of  the  subject,  which  lies  in  the  interplay  between  the  parent 
disciplines.  Paradoxically,  in  my  view,  it  is  the  addition  of  a  third  parent, 
chemistry,  which  really  provides  the  bridge  that  bonds  together  physics 
and  biology  -  chemistry  as  the  subject  that  is  concerned  with  molecular 
structure  and  with  the  relationships  between  structure  and  function.  I 
would  myself  be  inclined  to  use  Astbury's  definition  of  "molecular  biology"  - 
it  is  predominantly  three-dimensional  and  structural  ...  it  must  concern 
itself  with  genesis  and  function.  What  "the  methods  used  in  physics"  show 
us  of  biological  systems  is  most  commonly  their  structures  and  modes  of 
organization;  and  "the  physics  of  biological  processes", if  it  is  to  be 
understood  thoroughly,  must  usually  be  interpreted  in  terms  of  structure 
at  the  atomic  and  molecular  level. 

An  education  for  a  biophysicist  therefore  ideally  requires  a  basic 
understanding  of  four  disciplines  -  physics,  biology,  chemistry  and  the 
mathematics  that  underlies  all  exact  sciences.  Biophysics  courses  can  then 
draw  together  these  disciplines,  showing  not  only  how  the  fundamental 
methods  and  laws  of  physics  can  illuminate  and  explain  the  properties  of 
biological  systems  but  also  how  the  complexity  of  biological  systems  themselves 
stretch  our  physical  methods  and  understanding,  thus  providing  many  of 
the  growing  points  of  contemporary  physics.  A  university  degree  course 
in  biophysics  is  not  just  an  ideal  preparation  for  research  in  one  of  the  most 
exciting  fields  of  science;  it  is  a  complete  scientific  education  that  provides 
a  rare  understanding  of  the  essential  unity  of  scientific  knowledge. 

Biophysics  first  degree  courses  in  the  U.K.: 

Aberdeen;  Chemistry  degree  with  additional  courses  in  Biophysics 
East  Anglia:  Unit  course  structure  in  School  of  Biological  Sciences 
King's  College  London;  Combined  physics /biology  degree  with  specialized 
biophysics  course  units 

Leeds:  Integrated  scheme  with  Biophysics,  Physics,  Mathematics  and  Chemistry 
courses 

York:  Combined  physics /biology  degree  with  specialized  biophysics  course  units 

Keele:  final  year  option  courses  in  physics  degree 

Imperial  College  London:  final  year  option  courses  in  physics  degree 
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FUNDAMENTAL  ISSUES  OF  BIOPHYSICS  EDUCATION 

C.  Sybesma,  biophysical  Laboratory,  Vrije  Universiteit  Brussel,  Pleinlaan  2, 
Brussels,  Belgium. 

A  discussion  about  education  in  biophysics  should  address  a  number  of 
fundamental  issues,  such  as  the  following  : 

(1)  Can  there  be  agreement  on  a  description  of  what  biophysics  really  is  ?  ; 

(2)  Who  needs  biophysics  ?  ; 

(3)  Is  it  possible  to  design  a  "standard  curriculum"  ?  ; 

(4)  What  is  the  significance  of  biophysics  teaching  in  developing  countries  ? 
(!).  If  one  talks  about  education  in  biophysics,  it  seems  obvious  that  one  has 
to  agree  first  about  what  biophysics  is.  This  is  not  a  trivial  problem,  as  is 
clearly  demonstrated  by  the  fact  that,  comparing  educational  programs  in 
different  countries,  there  exists  a  wide  variety  of  opinions  about  both  the 
subject  matter  and  approaches  to  teaching.  A  clear-cut  definition  of  biophysics 
still  is  difficult  to  give.  There  are  some  who  question  the  need  for  such  a 
definition,  arguing  that  approaches  and  methods  used  to  solve  biological 
problems  determine  whether,  more  or  less  by  general  consent,  the  research  is 
biophysical  ("probably  any  area  in  biology  could  qualify  for  biophysical 
research"'*'))  .  It  seems,  however,  that  there  might  be  some  agreement  about  a 
description  of  biophysics  as  the  approach  to  biology  that  considers  biological 
systems  as  part  of  the  physical  universe. 

(2) .  Biophysics  teaching  to  students  who  want  to  become  biophysicists  is  diffe¬ 
rent  from  biophysics  teaching  to  students  being  educated  for  professional 
careers.  In  the  former  case  the  education  should  comprise  a  complete  curriculum. 
In  the  latter  case  there  is  no  general  agreement.  Biophysics  courses  in  medical, 
pharmaceutical,  agricultural,  etc...  curriculae  sometimes  are  controversal .  It 
seems,  however,  that  the  inclusion  of  biophysics  in  such  curriculae  (for 
instance  as  part  of,  or  partly  replacing  physiology  courses)  might  contribute  to 
a  more  scientific  backround  in  the  professions  involved.  Biophysics  for  physics 
and  (bio-) chemistry  students  in  many  schools  is  provided  as  a  facultative  and 

in  some  as  a  compulsory  subject.  The  content  of  such  courses  depends  to  a  large 
extent  on  who  is  teaching  them.  They  should  at  least  convey  the  notion  that 
biophysics  is  a  germane  division  of  the  physical  sciences. 

(3) .  A  "standard  curriculum"  or  a  "standard  introduction  course",  comprising 
all  topics  that  are  considered  as  indispensable  seems,  as  yet,  not  to  exist. 

Some  guidelines  about  the  design  of  such  a  curriculum  could  be  given,  but  local 
circumstances,  traditions  and  opportunities  (availability  of  teachers  in  certain 
areas)  largely  determine  how  such  a  curriculum  would  look  like.  The  contents 

of  courses  for  professional  curriculae  also  are  difficult  to  generalize. 

(4)  .  In  developing  countries  there  is  a  primary  need  for  professionally  educated 
people.  Biophysics,  therefore,  should  be  taught  in  courses  as  part  of  professio¬ 
nal  curriculae,  if  necesarry  by  guest-teachers  from  developed  countries.  It 
seems  not  advisable  to  encourage  such  countries  to  set  up  prestigeous  biophysics 
research  programs,  although  graduate  programs  (coupled  to  research  projects, 
perhaps)  in  a  few  major  universities  or  institutions  may  be  favorable,  in  order 
to  educate  people  to  teach  in  smaller  schools.  The  possibility  of  assistance 

from  international  bodies  (lUPAB,  UNESCO,  -  ?)  supporting  such  programs  should 

be  examined. 


^)  A.T.  Quintanilha, 


CEDE  symposium,  Mexico-City, 
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THE  STRUCTURE  OF  THE  INFLUENZA  VIRUS  HA  GLYCOPROTEIN  AND  ITS  RECEPTOR  BINDING, 
ANTIGENIC  VARIATION,  AND  MEMBRANE  FUSION  ACTIVITIES 

D.  C.  Wiley,  M.  Knossow,  W.  Weis  and  J.  J.  Skehel,  Department  of  Biochemistry 
and  Molecular  Biology,  Harvard  University,  7  Divinity  Avenue,  Cambridge,  MA,  USA 

The  influenza  virus  haemagglutinin,  the  major  membrane  glycoprotein  in  the 
virus  surface,  is  active  in  initiating  infection.  The  HA  binds  the  virus  to  a 
sialic  acid-containing  cell  surface  receptor  of  a  target  cell.  Mutant  viruses 
have  been  selected  (Rogers  et  al.  1983,  Nature  304,  76)  with  altered  receptor 
specificity  which  correlates  with  single  amino  acid  substitutions  in  the 
haemagglutinin.  This  allows  us  to  identify  the  receptor  binding  site.  Wild- 
type  and  mutant  HA  crystals  with  bound  trisaccharide  receptor  analogs  are  being 
studied  to  a  3  2  resolution  by  X-ray  diffraction  difference  Fourier  techniques 
to  determine  how  a  single  amino  acid  substitution  causes  the  change  in  receptor 
specificity. 

After  the  cell  endocytoses  the  virus,  the  low  pH  of  endosomes  triggers  the 
HA  molecule  to  fuse  the  viral  membrane  to  the  cellular  membrane  which  effects 
transfer  of  the  viral  nucleocapsid  into  the  cytoplasm.  The  haemagglutinin  has 
been  observed  to  undergo  a  conformational  change  at  the  pH  optimum  for  its 
membrane  fusion  activity  (Skehel  et  al.  1982,  PNAS  7£,  968) .  The  conformation¬ 
al  change  exposes  a  hydrophobic  "fusion  peptide"  which  was  "buried"  by  the 
neutral  pH  conformation  of  the  HA.  One  interpretation  of  these  observations  is 
that  the  haemagglutinin  becomes  anchored  into  the  cell ' s  membrane  by  the  hydro- 
phobic  "fusion  peptide"  and  therefore  becomes  a  membrane  protein  of  two  mem¬ 
branes;  that  of  the  cell  and  that  of  the  virus. 

Neutralizing  antibodies  generated  during  influenza  infections  are  directed 
against  the  HA  antigen.  Antigenic  variation  in  the  HA  is  responsible  for  the 
familiar  re-occurrence  of  epidemics  of  respiratory  disease  in  humans.  By 
analyzing  the  amino  acid  sequence  of  HA's  from  successive  epidemics  and  by 
selecting  single  amino  acid  substituted  antigenic  mutants  by  growth  in  mono¬ 
clonal  antisera,  the  locations  of  antibody  binding  sties  are  being  mapped  on 
the  HA  surface.  The  structure  of  an  antigenic  variant  has  been  determined  to 
3.0  8  resolution  to  confirm  one  proposed  site.  The  current  hypothesis  is  that 
a  small  number  of  regions  on  the  HA  surface  must  receive  mutations  to  generate 
a  novel  epidemic  strain  of  the  virus. 
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STRUCTURAL  STUDIES  ON  SOME  ANIMAL  VIRUSES  WITH  NEUTRON  SCATTERING 
B.  Jacrot,  European  Molecular  Biology  Laboratory,  Grenoble,  France. 

Neutron  scattering  from  virus  solutions  provides  information  on  the 
average  radial  distribution  of  the  chemical  components  (Proteins,  Nucleic  acid, 
lipids)  inside  the  virion  (review  in  Comprehensive  Virology  (1,981)).  It 
also  permits  a  determination  of  the  molecular  weight  of  the  virus.  The  method 
has  been  applied  in  recent  years  to  several  animal  viruses,  in  particular 
Influenza  virus,  Adenovirus  and  Semliki  forest  virus.  The  strategy  to  study 
these  complexe  viruses  is  somewhat  different  from  that  used  previously  for  the 
more  simple  and  smaller  plant  viruses.  Neutron  experiments  provide  the  same 
amount  of  data  (but  to  a  lower  resolution),  but  the  description  of  the  virion 
requires  more  parameters;  for  instance  in  an  enveloped  virus  one  must  localize 
the  position  of  the  lipid  layer,  and  try  to  determine  its  thickness  and  protein 
content.  Moreover  the  chemical  composition  is  often  not  completely  known.  So 
the  neutron  data  are  more  useful  if  combined  with  chemical  analysis  (Amino 
acid  analysis,  Phosphorus  content)  other  physical  methods  (Measures  of  S,  D, 

V,  X  rays)  and  electron  microscopy.  Such  an  association  of  techniques  has  been 
applied  to  the  above  mentioned  viruses. 

For  Adenovirus,  the  analysis  gives  a  distance  between  Hexons  ~100a,  a 
figure  confirmed  by  X.  ray  scattering  from  solution  and  electron  microscopy 
in  amorphous  ice.  Neutron  data  have  also  been  collected  with  mutants  ts  112 
and  ts  104.  Comparison  with  the  data  from  the  native  virus  helps  to  localize 
some  of  the  viral  proteins  (e.g.  protein  VI).  Some  isolated  capsid  proteins 
have  also  been  studied,  in  particular  the  penton  base,  which  was  shown  to  be 
a  trimer.  The  fibre  has  been  crystallized,  preliminary  X  ray  data  suggest 
that  it  is  a  dimer. 

For  Semliki  forest  virus,  the  molecular  weight  is  determined  by  neutron 
scattering  to  be  about  46  x  106,  a  value  confirmed  by  combination  of  S  and  D. 
Electron  microscopy  indicates  clearly  that  the  capsid  is  organized  with  a 
triangulation  number  T=4,  which  would  correspond  for  a  classical  icosahedral 
shell  to  a  molecular  weight  of  60  x  10^.  The  conclusion  is  that  the  capsid  is 
organized  in  another  way  and  is  possibly  made  of  42  pentamers.  The  nucleocapsid 
is  shown  to  be  organized  like  a  plant  virus,  possibly  with  a  triangulation 
number  T=3.  The  lipid  layer  is  centered  at  230S,  but  the  model  fit  on  neutron 
data  does  not  allow  an  unambiguous  determination  of  its  thickness.  The  same 
ambiguity  is  found  with  influenza  virus.  However  with  Semliki  one  can 
determine  the  integrated  scattering  density  in  that  layer  and  deduce  a  rough 
estimate  of  the  protein  content. 

With  all  these  viruses  excellent  agreement  with  the  data  can  be  obtained 
with  a  three  or  four  shell  model.  This  is  the  limit  of  the  method  and  attempts 
to  obtain  a  more  detailed  description  are  meaningless. 
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ENVELOPED  VIRUSES  AS  TOOLS  TO  STUDY  CELL  SURFACE  POLARITY  IN  EPITHELIAL  CELLS. 
K,  Simons,  S.  Fuller  and  K.  Matlin 

European  Molecular  Biology  Laboratory,  Heidelberg,  Germany. 


Enveloped  viruses  have  proven  to  be  useful  tools  to  study  the  mechanisms  of  mem¬ 
brane  assembly  in  the  animal  cell.  These  viruses  are  simple  in  their  make-up  and 
hence  are  very  well  characterized.  After  infection,  the  protein-synthesizing 
machinery  of  the  host  cell  is  programmed  by  the  viral  RNA  to  make  viral  proteins 
exclusively  and  these  include  the  viral  surface  glycoproteins.  The  net  effect  is 
the  same  as  if  the  cell  would  divert  most  of  its  protein-synthesizing  capacity 
towards  the  making  of  only  one  or  two  species  of  its  own  plasma  membrane  glyco¬ 
proteins. 

Our  present  studies  are  directed  towards  elucidating  the  mechanisms  of  esta¬ 
blishment  of  cell  surface  polarity  in  epithelial  cells  using  enveloped  viruses 
as  tools.  We  are  studying  the  MDCK  cell  line  which  grows  in  culture  as  an  epi¬ 
thelium.  The  plasma  membrane  of  these  cells  is  like  all  epithelial  cells  pola¬ 
rized  into  two  domains,  the  apical  surface  membrane  facing  the  extracellular 
medium  and  the  basolateral  plasma  membrane  separated  from  the  other  domain  by 
a  junctional  complex  encircling  the  apex  of  the  cell.  Each  surface  domain  has 
a  characteristic  set  of  proteins.  Rodriguez-Boulan  and  Pendergast  (1980)  have 
shown  that  in  MDCK  cells  infected  with  enveloped  viruses  the  newly  synthesized 
viral  membrane  glycoproteins  are  inserted  into  one  or  the  other  surface  domain. 
The  influenza  virus  glycoproteins  are  distributed  mainly  to  the  apical  domain, 
while  the  vesicular  stomatitis  virus  G  protein  is  inserted  primarily  in  the 
basolateral  domain.  To  establish  an  experimental  system  in  which  both  surface 
domains  of  the  MDCK  cells  are  accessible  to  experimentation,  we  have  grown  the 
cel’s  on  nitrocellulose  filters.  Using  filter-grown  cells  we  have  studied  the 
transport  of  the  virus  glycoproteins  to  the  cell  surface  domains.  Our  results 
suggest  that  sorting  occurs  intracellularly  after  terminal  glycosylation  has 
taken  place. 

Reference 

Rodriguez-Boulan,  E.  and  Pendergast,  H.  (1980)  Cell  45-54. 
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CONTINUING  STUDIES  IN  RETINEX  THEORY 

E.H.  Land.  The  Rowland  Institute  for  Science,  100  Cambridge  Parkway, 

Cambridge,  Massachusetts,  USA. 

From  the  point  of  view  of  retinex  theory  the  classical  term,  color  constancy,  derives 
from  the  attribution  of  visual  color  to  an  incorrect  causal  system.  The  classical  causal 
system  is  inherently  based  on  the  ratios  to  each  other  of  three  fluxes  at  long,  middle,  and 
short  wavelengths  of  the  visual  spectrum.  Since  it  is  generally  observed  that  the  colors 
of  objects  tend  to  change  very  little  with  variation  in  these  ratios,  there  is  a  manifest 
inconsistency  between  the  theory  and  the  observation.  This  inconsistency  has  led  to  the 
concept  of  color  constancy. 

Clearly  an  approach  is  called  for  which  predicts  that  color  should  not  change  signifi¬ 
cantly  with  the  changes  in  the  ratios  of  long,  middle  and  short  wave  illuminating  fluxes. 
If  an  approach  can  be  found  which  not  only  eliminates  color  constancy  as  a  problem  but 
also  at  the  same  time  predicts  the  color  in  any  area  in  the  field  of  view,  then  we  will  have 
gone  a  long  way  to  a  viable  theory  of  color  vision.  Retinex  theory  represents  our  attempt 
to  generate  such  an  approach. 

In  retinex  theory  the  color  of  a  point  on  any  object  can  be  predicted  from  a  com¬ 
puted  relationship  between  the  radia¬ 
tion  from  that  point  and  the  radiation 
from  all  the  other  points  in  the  field  of 
view.  To  predict  the  perceived  color  of 
an  area  in  any  visual  scene,  the  compu¬ 
tation  shown  here  is  broken  into  unit 
areas.  The  relative  reflectance,  R,  of 
the  target  area,  i,  is  computed  with 
respect  to  some  other  area,  j,  along  a 
path  drawn  between  the  two  areas  us¬ 
ing  the  formula  shown,  where  A  des¬ 
ignates  the  particular  waveband  (long, 
middle  or  short)  and  I  is  the  intensity. 
The  threshold  operation  on  the  ratios 
along  the  path  is  included  in  order  to  remove  the  effects  of  non-uniform  illumination  over 
the  scene:  variations  gradual  enough  to  be  below  threshold  are  dropped  out.  -All  others 
are  considered  significant  and  contribute  to  the  computation.  The  average  of  many  such 
computed  relati/t  reflectances  is  taken  in  order  to  determine  the  value  we  define  as  average 
relative  reflectance  at  area  i.  Conceivably,  this  average  of  relative  reflectances,  (not  fluxes) 
could  be  taken  over  every  area  in  the  visual  field,  but  as  few  as  100  to  200  is  usually 
sufficiently  accurate.  The  average  of  relative  reflectances  is  taken  over  areas  from  the 
entire  visual  field  and  not  just  those  nearby;  experiments  indicate  there  may  be  nearly  as 
much  contribution  from  distant  areas  as  nearby  ones.  As  the  above  computation  is  carried 
out  three  times,  once  for  each  of  the  three  wavebands,  three  numbers  (designators)  become 
associated  with  each  unit  area.  These  designate  a  point  in  a  three-dimensional  color  space, 
a  point  which  proves  to  be  invariant  with  large  changes  in  quantity  and  composition  of 
illumination  of  the  field  of  view.  Experimentally  it  is  found  that  if  two  widely  separated 
areas  in  any  visual  scene  are  the  same  color  (even  when,  because  of  non-uniform  illumina¬ 
tion,  the  wavelength  composition  reflected  from  them  may  be  very  different),  they  will  be 
represented  at  the  same  point  or  closely  adjacent  points  in  this  color  space.  Applications 
of  the  algorithm  to  various  physiologies  by  co-ordinate  transforms  will  be  discussed. 

The  lecture  will  review  the  theory  and  experiments  described  in  a  paper  entitled  “Re¬ 
cent  advances  in  retinex  theory  and  some  implications  for  cortical  computations:  Color 
vision  and  the  natural  image”  {Proc.  Nat.  Acad.  Sci.,  USA,  Vol.  80,  pp.  5163-5169, 
August  1983).  Most  of  the  experiments  described  in  that  paper  will  be  shown  as  lecture 
demonstrations.  Recent  work  by  the  speaker  and  colleagues  will  be  illustrated  by  experi¬ 
ment:  in  particular  (l)  a  device  called  “optimouse,”  which  while  moving  across  the  surface 
of  the  Mondrian  calculates  average  relative  reflectance  and  (2)  Mondrian  experiments  with 
the  goldfish  as  a  retinex  animal. 
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COtlPLEX  FORMATION  BETWEEN  SANGUIHARINE  AND 
DEOXYRIBOJJUCLEIC  ACID 

M,  Maitl.  K.  Nandi  end  K.  Chfiudhurl,  Indian 
Institute  of  Cheaicel  Biology,  Calcutta  -  700  032. 
India.  * 

The  interaction  of  sanguinarlne,  on  antitu- 
Boxu'  alkaloid,  with  calf  thymus  DNA  has  been  stu¬ 
died  by  spectrophotometry,  thermal  melting,  vis¬ 
cosity,  spectrofluorimetry  and  circular  dichroism* 
DNA  forms  a  complex  with  sanguinarlne  producing 
thereby  a  quenching  and  a  bathochromic  shift  of 
the  alkaloid  absorption  pattern.  The  binding 
isotherm  was  a  non-linear  one  indicating  involve¬ 
ment  of  more  than  one  binding  process  in  the 
formation  of  the  sangulnarlne-DNA  complex.  The 
fluorescence  of  sanguinarlne  bound  to  DNA  is 
quenched  and  can  be  decreased  by  sodium,  magne¬ 
sium  and  calcium  ions.  The  alkaloid  stabilizes 
DNA  against  thermal  strand  separation  by  a  signi¬ 
ficant  degree.  It  Increases  the  viscosity  of 
sonicated  rod-like  DNA  fragments  and  induces  an 
unwinding-rewinding  process  of  covalently  closed 
superhelical  DNA  like  ethidium  bromide.  Circular 
dichroisn  measurements  show  that  the  alkaloid 
induces  conformational  changes  of  DNA.  The 
results  indicate  that  sanguinarine  interacts 
strongly  with  I^A  by  a  mechanism  of  intercalation 
which  probably  accounts  for  its  reported 
antitumour  activity. 
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POLYMORPHIC  STRUCTURES  OF  DHA  INVOLVE!*  IN  GROWTH  WJD 
REPAIR  or  BACTERIOPHAGE  0X  174. 

R.  K.  Poddar,  A.R.ThaXur.  S.PaI  And  S.X.Kukhcr jeo 
Biophysics  Section,  Physics  Dept. .Univ. College  of  science. 

92  A.P.C.Road.  CeXcutta.  India. 

The  biological  rcles  of  the  various  unusual  structural 
fores  of  KJA.  observed  under  ^  vitro  conditions,  are 
onigsatic  in  most  cases,  vfe  report  sotae  of  our  investiga¬ 
tions  on  the  functions  of  the  polymorphic  forms  of  DNA 
during  it?  repair  replication  within  the  host  cells.  A 
damaged  px  genocne  on  its  entry  into  the  host  cell  is  unable 
to  produce  efficicntl,  a  supcihclical  circular  duplex 
structure  (RFI)  and  thus  fails  to  give  rise  to  viable 
progeny.  This  block  in  the  prediction  of  the  RFI  structure 
say  bo  partially  removed  under  conditions  of  'SOS  repair' 
by  the  host  colls.  However,  all  .IFI  structure  venerated 
under  su^  conditions  do  not  apparently  load  to  production 
of  viable  progeny,  suggesting  posiiblo  sicrohcterogcneity 
amongst  them.  Experimental  evidence  will  also  be  presented 
to  show  that  the  gene  A  product  of  Qfx  174  is  able  to  release 
negative  suporhelical  twists  of  the  host  DNA  leading  to 
reduction  of  its  transcriptability. 
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DNA  CONDENSATION:  EFFECTS  OF  CHARGE  DENSin 

J.A.  Benbasat,  Dept,  of  Blochealstry,  Unlv.  of  British 

Coiuabla,  Vancouver,  B.C.,  Canada  V6T  IWS 

Bacteriophage  *U14  DNA  carries  a  +2  charged  base, 
ci-putrescinyithyaloe.  The  low  average  charge  density  aay 
affect  the  collapse  of  this  DNA  facilitating  Its  exception* 
ally  dense  packaging  In  I  used  total  Intensity  light 

scattering  to  deteralne  the  critical  conceotraclons  (cc) 
of  speraldlne  <spd)  required  to  Induce  collapse  in  vitro 
and  quaslelastlc  light  seactcrlng  to  coapare  the  dynaalcs 
of  condensed  wild  type  and  autant  ^14  DNAs  (charge 
spaelngs  L.3*2.2A)  to  T4  phage  DNA  (1.7A).  In  accord  with 
the  counterion  condensation  theory  of  Manning  (Quart.  Rev, 
Blophys.  ^  (1973)),  DMAs  of  lover  charge  density  require 
higher  counterion  cc;  the  dlaaeters  of  the  toroidal  eonden* 
sates  which  they  fora  vary  aarglnaily.  Specific  Ion  effects 
were  probed  by  substituting  hexaalne  cobalt  (he)  for  spd. 

He  Induces  collapse  at  one  sixth  the  spd  cc  and  condensates 
ere  30X  saaller  (UOOA  ^  775A),  except  for  wild  type  *V14 
DNA  which  foras  he-  and  spd-lndueed  condensates  of  stallar 
dlaaeters.  Collapse  occurs,  again  excepting  wild  type  ^14 
DNA,  when  ‘^92  of  the  charges  on  each  DNA  are  neutralUed 
by  territorially  bound  spd.  Thus, the  driving  force  for  con¬ 
densation  depends  on  charge  density,  and  charge  distribu¬ 
tion  aay  affect  the  critical  degree  of  neutralization. 
Lowering  the  charge  density  by  covalent  aodlflcstlon 
heyond  a  threshold  (as  In  wild  type  ^14)  nay  result  In 
eoapresslon  of  the  DNA  double  helix  allowing  aore 
information  on  a  genone  the  packagable  length  of  which  Is 
deteralned  by  the  eneapsldatlon  »i»fhant«a. 


005 

Quaternary  Oco«r*ug  ot  DNA  by  Co(NHOgCl..  Yong  A.  Shin, 
Susan  L.  Fcroll  and  Gunther  L.  ElchhornT  UCoratory  of  Cellu¬ 
lar  and  Molecular  Biology,  NIU/NIA,  Baltlaorc.  KD  21224. 

The  quaternary  ordering  of  DNA  is  conveniently  studied  h') 
CO  because  the  anisotropic  naturo  of  DNA  cospaetlon  gives 
rise  to  a  large  Increase  In  the  oignltude  of  the  CD:  the  p 
iffcct,  which  can  give  (-)  or  (+)  CO  peaks.  We  have  pre¬ 
viously  shown  that  aetal  Ions  can  manipulate  the  transition 
<-(-)  ♦♦(+)  (Elchhoro  ec  al^.  (1981)  BlooolecuUr  Stereody- 
naalcz,  185).  He  now  find  that  Co(NH-),Cl-  can  Induce  a 
conforaatlonal  change  In  polyd{AT)»polyd(At)  from  B  A 

critical  ao^nt  of  the  cobalt  complex  is  required  to  bring 
about  whls  transition,  and  this  concentration  varies  with  the 
amount  of  KaCl  present. 

The  cobalt-induced  t  effect  can  be  either  C-^)  or  (-), 
depending  on  the  reaction  temperature,  and  high  temperature 
leads  to  p(-).  The  transition  between  (-)  and  (+)  Is  totally 
reversible  by  temperature  control.  The  temperature  at  which 
crosses  0  Is  linearly  dependent  on  the  salt  concentra¬ 
tion.  varying  from  16*  In  the  absence  of  salt  to  31*  In  SO  mM 
NaCl.  Beyond  150  bM,  no  ^  formation  occurs. 

Co(Na-).Cl^  produces  no  ♦  effect  with  natural  DNA, 
polyd(CA)Tp8lya(CT)  and  polyd(A)‘polyd(T).  It  produces  only 
Pit)  with  polyd(CC)*polyd(CC),  and  f(-)  as  veil  as  ^(-f)  with 
polyd(AT)«polyd(AT).  This  reagent  Is  much  more  sequence-spe¬ 
cific  than  polyethylencoxlde  which  Induces  the  t(~}  ton 
with  all  DNAs.  In  this  respect  It  somewhat  resembles  lysine- 
alanine  copolyaera  that  are  also  capable  of  distinguishing 
among  D.NAt  with  different  sequences  when  Inducing  quaternary 
ordered  structures  (Shin  and  Elchhorn  (1984),  Biopolymers 
23.  325) 


THE  BIOLOGICAL  SIGNIFICANCE  OF  C.T/G.U  MISP AIRING  IN 
NUCLEIC  ACID  SECONDARY  STRUCTURES 

U.R.  Mullerf  and  H.H.  Fitchf,  iDepartment  of  Microbiology, 
East  Carolina  University  School  of  Medicine,  Creenvtlle,  NC 
27834,  and  fDepartttcnt  of  Physiological  Chemistry,  Univer¬ 
sity  of  Wisconsin,  Madison,  WI  53706. 

We  have  computed  the  expected  distribution  of  hairpin 
like  secondary  structures  with  ssall  loops  (3-20  bases)  and 
uninterrupted  stems  and  compared  that  to  the  distribution 
observed  In  the  complete  genomes  of  seven  DNA  viruses  from 
animals,  plants  and  bacteria,  as  well  as  a  bacterial  plasmid 
The  formation  of  G.T  mismatches  in  the  stems  of  these  struc* 
tures  was  allowed.  Furthermore  we  have  analyzed  the  dis¬ 
tribution  of  such  structures  along  the  genetic  maps  of 
these  geneses,  specifically  around  the  start  sites  of  known 
genes.  Our  data  reveal  that  mismatch  containing  structures 
with  atem  lengths  exceeding  eight  base-pairs  are  overrepre¬ 
sented  and  non-randomly  distributed,  but  to  a  ouch  lesser 
degree  than  perfect  structures  of  equal  size*  From  this 
we  deduce  that  C.T/G.U  containing  secondary  structures  in 
nucleic  acids  are  biologically  less  significant  than  perfect 
ones. 
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A  TIME  AE.>0LVEP  FLUORESCENCE  STUDY  OF  DAP2  BINDING 
TO  POLYNUCEOTIDES. 

P.  Cavatorta,  L.  Maaoiti,  A.  Siabo*,  M.  Barcellona*,  M. 
Avltablic*,  In»t.  Biol.  Chemistry,  Unlv,  Parma,  Via  Cramsel 
K,  Parma,  Italy,  *  Mv.  Bio). Set.,  Nat.  Res.  Council  of 
Canada,  Ottawa  XIA  0R6,  Canada,  *  Inst.  Biol.  Chemistry, 
VMv.  Catania,  Catania,  Italy. 

At  phosphate/dye  (P/D>  ratio  >30  the  quantum  yield  of 
4\6-d<amldlne-2-phenyltndoU.2HCl  (DAPl)-DNA  and  DAPI- 
poly(d(A-T))t  conplexes  were  found  to  be  0.62,  and  0.66, 
reapectlvely.  Contrary  t.o  earlier  reports  a  fluorescence 
enhancement  of  DAPl-(d(C-C))  complexea  vaa  observed  with  a 
quantum  yield  of  0.22.  Time  resolved  fluorescence  measure¬ 
ments  of  complexes  with  a  P/D  ratio  of  ISOil  indicate  that 
there  were  three  fluorescent  conponents  In  PAPI-PNA  com¬ 
plexes  with  lifetimes  of  3.86  ns,  1.79  nt,  and  0.13  ns.  In 
DAri-poly(d(A-T))  conplexes  the  lifetimes  were  3.91  ns,  1.20 
ns,  and  0.11  na.  Also  three  components  with  lifetimes  of 
3.98  ns,  0.87  ns  and  0.12ns,  were  found  in  DAPI-polv(d(G-C)) 
complexes.  At  low  P/D  ratios  «5)  another  binding  form  of 
DAPI  was  observed  vlch  was  assigned  to  the  interaction  of 
one  or  more  molecules  of  DAPI  with  one  previously  bound  to 
DNA.  It  ia  concluded  that  DAPI  does  not  exhibit  A-T  binding 
specificity  and  that  at  the  high  P/D  ratios  ther  are  two 
types  of  binding  having  similar  binding  constants. 
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RESONAVCC  RAHA>J  SPECIROSCOPV  Of  Z-D.fA 

A.  laiolo,  0.  JoUfes  and  L.  Chinsky,  Instilut  Curie,  11,  ro<j 
Pjerre  cl  Haric  Curie,  75005  PARIS. 

Poly(dG>dC).poly(<^*dC)  in  H2O  and  O2O  3I  Iom  salt  con* 
ccntration  (6  fora)  and  at  salt  concentration  (Z  fora) 
has  been  studied  by  Raaan  resonance  spectrosc(^y  using  Ino 
excitation  Havelengths  :  257  m  and  205  no. 

As  resonance  enhances  the  intensity  of  the  lines  in  a 
proportion  corresponding  to  the  square  of  the  oolar  absorp* 
tion  coefficient,  the  intensities  of  the  lines  with  295  ta 
wavelength  excitation  arc  ertftanced  of  an  Inportant  factor 
during  the  B  to  Z  transition. 

By  comparison  with  the  U.V.^  resonance  Raaan  spectra  of 
tfiA,  we  conclude  that  resonance  Ranan  spectroscopy  allows 
one  to  characterize  the  B  to  Z  iransitiod  from  one  line  with 
257  no  excitation  wavelength  and  froo  three  lines  with 
295  m  excitation.  The  con^ioincd  study  of  there  four'llncs 
should  pernit  to  observe  a  saall  fraction  of  base  pairs 
being  in  2  form  in  a  ONA. 
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HOLE  OP  R£C  G£KES  IK  EPFICHKT  GEKSCIC  TBARSPO&Ja^ 
TICK  WrrirCHIKERIC  PLASHIDS  IN  HAEMOTHILPS 
IKPIUENZ^  ' 

Vaeudba  TT  Joabl  and  N.K,  Kotanl 

Biology  ^  Agriculture  Division ,  Bbabha  Atomic 

Reaearcb  Centre,  Iroabay,  Bombay  400  035*  India 

A  blgb  efficiency  vector  pJ1-8  was  used  to 
clone  nov  (resistance  to  novobiocin)  gene  of  H. 
Influenzae ♦  Three  isolates  were  extensively  ebara- 
cterized*  Restriction  analysis  indicated  that  nojr 
Barker  Is  carried  on  a  5*5  kb  BanHI  fragment*  lone 
of  the  clones  contained  linked  stir  maricor*  In  all 
three  isolates*  the  plasmid  segment  carries  the  aw^ 
Barker  and  tbe  chromosomal  insert  carries  the  novr 
marker*  Transformation  with  all  tbe  chimeric 
plasmids  le  differential*  Ratio  of  nov^t  agr 
transforcante  is  about  20j1j,or  more  and  novP^Mijf 
is  U.woys  a  fraction  of  8m£  *  rec  genes  make  a 
profound  difference  for  Transforcatlon  with  the 
chimeric  plaomids  and  in  Rec*  strains  tranaforma- 
tion  is  lower  by  two  to  four  orders  of  magnitude* 
Input  DKA  undergoes  degradation*  fragmentation  and 
recombination*  Correlation  between  tbe  molecular 
ai^  genetic  event  a  will  be  shown* 


Application  of  Homo-  and  Heteronuclear  2D  NKR  Kethods  in 
Structural  Studies  of  Synthetic  TOA-fragaents 
H.Leupin,  H.H.Frey,  k.Rance,  S.Hyberts,  W.A.Oenny*  and 
K.Wuthrich, 

Institut  fur  Holekularbiologie  und  Siophysik, 
Efti'Hdnggerberg,  CH-8093  Zdrich,  Switzerland 
*  Cancer  Research  Laboratory,  Kedfcal  School, 

University  of  Auckland,  Auckland,  New  Zealand 
N«R  Studies  of  ONA-fracssnts  have  recently  gained  renewed  im¬ 
petus  through  the  aval lal/ility  of  novel,  efficient  techni¬ 
ques  for  sequence  specific  resonance  assignments  for  hydro¬ 
gen  and  phosphorous  atomSi  and  for  investigations  of  DNA  so¬ 
lution  conformations.  We  explore  further  improvements  of  the 
methods  used  for  both  resonance  assignments  and  spatial 
structure  determination.  The  following  oligcdeoxyribonucleo- 
tfdes  were  synthesized  by  the  phosphotriester  faethed  in  li¬ 
quid  phase:dTpTp,  dGpCpApTpGpC,  dGpCpGpTpTpApApCpGpC  and 
dGpCpApTpTpApApTpGpC.  These  DNA-fragments  were  studied  in 
the  single  stranded  and/or  duplex  fora  by  and  ^*P  NHR 
spectroscopy.  The  NKR  techniques  used  include  homonuclear 
double  quantum  filtered-COSY,  relayed-COSY,  NOESY,  and 
various  'H-3lp  heteronuclear  two-ditscnsional  experiments. 

For  all  the  above  compounds  sequence-specific  resonance 
assignments  were  obtained  for  all  hydrogen  atoms,  except  .for 
some  H5*  and  HS”  sugar  protons.  Work  is  in  progress  using 
these  resonance  assignments  for  studies  of  the  solution  con¬ 
formations  of  the  ONA-fragaents  and  of  conformational  re- 
arrangaaents  induced  by  sequence  modifications  or  by  inter- 

grtlenilAr.intAT-Art.^ftftc  with  a  vaHpty.Qf_snh<trates. 
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MOLBOUUR  BASIS  0?  DHUG-NUCLEIC  ACID  INIEHACTIOHS 
Hitlsh  K.  Sanyal,  M.Royehoudhury  and  R.P.  OJha 
Departaent  of  Physics  BnlTarsity  of  fiorakhpar, 
Garakhpur-£730Ol,IHniA 

Sronthough  oxtenslTe  crystallographic  and 
pharaocological  studies  of  various  drug-nucleic 
acid  bindings  have  bean  reported  but  the  aecha- 
nisn  and  binding  sites  of  aolecular  level  is  yet 
not  understood.  Stacking  energies  betveen  the 
consecutive  pairs  are  evaluated.  CHBO  atonic 
charges  and  dipoles  have  been  used  for  coaputlng 
the  interaction  energies.  On  the  basis  of  these 
studies,  we  have  developed  a  aodol  for  inter  - 
calation  of  drugs  and  their  binding  with  the 
nucleic  acid. 

Interactico  energies  have  been  computed 
upto  tbe  second  order  and  they  consist  of 
electrostatic,  polarization  disperslcn  and 
repulsion  terms.  In  this,  intcrcalaticn  and 
binding  in  tbe  deep  and  shallow  grooves  of  the 
DNA  have  boon  taken  into  account.  This  method 
is  applied  to  some  of  the  antlUotlc  drugs  e.g. 
dauna^rcin,  actinotyctn  D  and  Ethldium  Bromide. 
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ADENINE  SINGLE  CRYSTALS  AS  MODELS  FOR  HORIZONTAL 
AND  VERTICAL  INTERBASE  INTERACTIONS  IN  POLYNUCLE¬ 
OTIDES  V.  Prosser,  V.BauwruksO.JeUnekaJ.Pla- 
sckfM.PudlaUiJ.StepanekfJ.Zachova,  Institute  of 
PhysicsiCharles  University, Prague, Czechoslovakia. 

Single  crystals  of  adcninxum  ionic  salts  were 
grown  from  saturated  solutions  in  order  to  obtain 
suitable  structure  models  for  horizontal  (hydrogen 
bonds)  and  vertical  (stacking)  interactions  betwe¬ 
en  adenine  residues.  Combining  several  optical 
methods,  the  effects  of  different  protonation  and 
hydrogen  bonds  upon  vibrational  and  electronic 
characteristics  of  adenine  both  in  ground  and  ex¬ 
cited  statt'S  were  investigated.  The  intensities 
and  dire<.‘tions  of  So  -  5n  transitions  in  adenine 
ptotonated  at  N1  and  N?  were  determined  by  polari¬ 
zed  perpendicular  specular  reflection,  the  corre¬ 
lation  between  the  changes  of  some  adenine  skele¬ 
tal  vibrations  and  the  type  of  protonation  was 
found  by  Raman  spectroscopy.  Having  compared 
structure  peculiarities  of  adenine  crystals  wo 
concluded  that  tneir  excimer  luminescence  is  due 
to  the  interaction  of  polar  amino  group  with  the 
adjacent  polarizable  adenine  ring  as  in  the  ground 
state  stacking.  The  simple  monopole-reonopole  esti¬ 
mate  for  the  excited  state  interaction  between 
stacked  adenine  molecules  is  also  given. 
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Z-TRAS5IT10II  OF  COVALE’IXLY  CLOSED  CIRCULAR  DUPLEX 
(RP  DSTRUCTURE  OP  pBR  322  DNA  AT  HIGH  pH. 
A.R.Thakur  and  C.R.Santra 

Bloohyslcs  Section, Physics  Deoartment,  University 
Collcre  of  Science, 92  A. P.C, Road, (Calcutta, riDIA. 

Denaturation  of  covalently  closed  circular 
duplex  (RP  I)  structure  of  pBR  322  DNA  at  high 
pH  yields  a  collaosed  state  (HP  X>)  having  great¬ 
er  cloctroohoretlc  nobility  on  agarose  gol  even 
after  neutralization.Thls  form  allowed  less  Bthi- 
diun  Bromide  to  be  intercalated  but  yielded  a 
Circular  Dichrolc  soectrua  which  had  reduced  mag¬ 
nitude  of  both  oositlvo  oeak  at  273nm  and  negative 
ocak  at  245nm.Such  CD  soectra  can  arise  as  a  oossl 
blc  mixture  of  B-  and  Z-DNA.S.  nuclease  digestion 
analysis  show  that  RP  Ij  is  nicked  to  RF  II  relax¬ 
ed  form  at  a  faster  rate  than  RF  I, suggesting  that 
the  B-Z  junction  of  RP  offers  a  favourable  site 
However  on  nrolonged  incubation  equivalent  amount' 
of  linear  duolcx  (HP  III)  is  not  obtained  from  RP 
Ij  as  comoared  to  RP  I.Slnllarly  digestion  by  Dam 
Ht  shows  RPIj  as  well  as  RP  II  obtained  from  it 
to  be  Doorer^substrates  comoared  to  usual  RP  1 
and  R?  II  structures .The  double  strand  nicking 
by  tho  endonucleases  is  oerhaos  hindered  by  the  ' 
orcsonce  of  Z-se^snent* 
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STnUCrUiAL  STli/IiiS  OF  d(CCGG)  Al.D  <i(CGCC) 

Kunud  .Malurader  2nd  Sctnir  K.  2rahnachari, 

Molecular  biophysics  Unit,  Indian  Institute  of 
Science,  Bangalore  &6u  012,  IKUIA. 

The  oliocnucleotidos  d(CCGG)  and  d(GGCC), 
the  restriction  sites  for  Msp  1/iipa  12  and  Ssu/ 

Hae  III  respectively,  have  been  studied  by  circu¬ 
lar  cichroisa  (CD)  spectroscopy.  The  CD  spectra 
of  d(CCGG)  show  it  to  have  a  different  confonna- 
tion  in  solution  as  compared  to  the  A-D!«A  type 
confornation  shown  by  the  crystals  of  d(‘^CCG0). 
Titration  studies  with  spercine  hydrochloride  in¬ 
dicate  that  its  presence  in  the  crystallisation 
cock-tail  may  be  the  possible  reason  for  this  di¬ 
fference.  The  d{cCGCa)  shov;s  a  strong  negative  CD 
band  at  '^28bnra.  However,  salt  ana  alcohol  titra^ 
tions  rule  out  the  possibility  of  a  2-type  confer* 
nation,  in  a  nigh  salt  solution,  d(CCGG)  shows  a 
novel  teraperature  depenoent  ordered  to  oroered 
structural  transition.  Such  typo  of  transition  is 
not  shov/n  by  d(GGCc}.  It  is  interesting  to  note 
that  these  two  oligomers  exist  in  intrinsically 
different  conformations  in  solution,  even  though 
d(^CCG<j)  and  d(GGCCGGCCj  have  been  shown  to  exist 
in  similar  (i.o,  A-type)  conformations  in  the 
crystalline  state. 
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e?£CTftOSCOPIC  STUDIES  OF  POLV((lA-dC).POU{dG-dT)  A.  B.  X 
AND  Z  CO.NFORKATIONS  IN  PRESENCE  OF  Na*.  Cs+  and  NiZ*. 

J.A.  Taboury,  S.  Adaa,  P.  Bourtayre,  J.  Lfqufer  and 
EriailUndTer,  Uboratolre  de  Spectroscopie  Bioooieculaire, 
University  Fans  XII!,  74,  me  Karcel  Cachin,  93012  Bobigny 
Cedex,  France. 

The  A,  B,  X  and  Z  forms  of  Po1y(dA*dC).po1y(dG>dT)  have 
been  characterized  by  UV  absorbance,  circular  dichroisa  and 
IR  spectroscopy. 

In  high  condensed  phases,  the  IR  spectra  reflect  In  the 
case  of  Ka^  the  A  and  B  fom  depe-ncfing  on  the  water  content 
of  the  sample.  The  Z  conformation  has  been  observed  in  the 
presence  of  NiZ^.  A  new  different  IR  spectrum  is  obtained  in 
the  case  of  Cs^,  the  corresponding  geometry  can  be  correla¬ 
ted  to  an  helix  belonging  to  the  right-handed  conformations. 

In  solution,  CO  results  indicate  that  the  polymer  adopts 
a  B  confornation  in  the  presence  of  Na^  and  NiZ+,  while  the 
X  confonaation  is  observed  at  6  M  Cs*.  The  X  and  Z  forms  are 
shown  to  be  different  as  the  X  -«■  Z  transition  is  followed 
in  the  presence  of  Cs*^  + 

The  mechanisms  involved  in  these  processes  are  new 
investigated  on  other  polynucleotide  sequences. 
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PICOSECONo  SINGLE  PHOTON  FLUORESCEKCE  SPECTROSCOPY  OF 
NUCLEIC  ACIDS 

R.Riyler.  F.Claes«ns  t  GSsta  Lomakka,  Department  of  Hedlcal 
Biophysics,  Karolinska  Institute,  Stockholm,  SWEDEN 

Fluorescence  specti'oscopy  of  nucleic  acids  at  room  tempe¬ 
rature  has  been  limited  by  the  short  lifetimes  of  the 
excited  states  of  purines  and  pjTiaidines.  Appropriate  time 
resolution  is  provided  by  mode-locked  synchronously  pirpcd 
and  frequency  doubled  dye  laser  pulses  for  the  excitation  of 
nucleoside  fluorescence.  With  multichannel  plate  detectors 
of  low  transient  time  jitter  (Hamamatsu  R1S6$U}  wo  have 
reduced  the  instrumental  response  time  for  single  photon 
events  to  ‘*0  ps.  With  a  split  beam  instrument  allowing 
simultaneuous  laser  pulse  and  probe  response  detection  and 
thus  exact  deconvolution,  fluorescence  lifetimes  and  ro<.a- 
tionai  correlation  times  with  uncertainties  of  1-u  ps  can  be 
measured. 

Time  gated  and  background  free  fluorescence  eoisaion 
spectra  of  purine  and  pyrimidine  ribo-  and  deoxyribcnuclco- 
tides  as  well  as  of  synthetic  and  natural  DNAs  were  recorded 
at  room  temperature.  They  show  emission  maxima  above  na 
with  a  pronounced  shoulder  at  330  na  which  is  particularly 
pronounced  with  double  helical  structures.  The  lifetime 
spectra  for  various  nucleotides  were  investigated  and  will 
be  discussed  in  terms  of  singlet  and  triplet  transitions  as 
well  as  due  to  different  conformations  (stacking  and  hydro¬ 
gen  bonding)  of  purine  and  pyrimidine  bases.  Special  refe¬ 
rences  will  bo  made  to  the  emission  and  lifetime  properties 
of  modified  nucleosides  such  as  7m-guanosine,  wybutine  and 
^-asinoourlre. 

^7 

TOPOLOGY  OP  TliE  TBA.'JSITIOH  OF  DOUBLE  HELIC,\L  KIA 
Asok  Sanerjee,  Bose  Institute.  Calcutta,  India. 

The  Interconversion  from  right  handed(R)  to  loft 
handed(L)  helical  conformation  in  IXIA  is  typified 
by  the  3-2  equllllbrium  In  poly(dG-dC)  .poly(dG-dC), 
and  is  not  strictly  United  to  alternating  Guanine 
and  cytosine  sequences.  This  transition  is  well 
characterized  now  in  solution  from  spectroscopic, 
electrophoretic,  sedimentation  and  enzymatic 
measurements. * 

The  versatile  function  of  DNA,  a  deceptively  sim¬ 
ple  molecule,  lies  in  the  enor^us  flexibility 
inherent  in  the  KIA  molecule^*'’.  Vet  todatc  neithe’^ 
the  stereo  chemical  nature  of  drug  binding  to  the 
Z-form,  nor  the  molecular  mechanism  of  the  drug 
induced  Z  to  B  transition  is  well  understood. 

To  furth«»r  our  understanding  in  this  paradigm,  a 
model  conformational  analysis  has  been  done  with 
typical  short  repeating  sequence  IXIA  to  assess  the 
nature  of  the  topological  Intermediate  transitional 
conformation  states.  An  interesting  feature  reveal¬ 
ed  that  the  base  pairs  in  the  transitional  phase 
towards  Z-DNA  are  turned  around  to  a  position  180* 
away  from  B-DNA  position  they  have.  Other  interes¬ 
ting  features  revealed  throw  light  on  the  structuio 
function  relationship  of  this  molecule. 

Reference:  Ti5.M.Jovin,F. Eckstein  et  al,  J  of  Bio- 
mol  structure  and  dynamics,  Vol  l,p  60-65(l9B3)«2. 
H.M.Sobell,  A.  Banerjoe,  Cold  spring  har  syno 
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THYMINE-NEIGHBOR  EASE  SHORT  CONTACIS  IN  A-FORM  DNA 
Y.  Tfllffida.  Dept,  of  Food  Sci. ,  Kobe  College  i 
Nishinoaiya.  Hyogo,  Japan 

An  idea  of  thynine-neighbor  base  short  contac¬ 
ts  in  A-fora  of  DNA  is  proposed,  which  was  found 
during  molecular  model  building,  to  understand  the 
nature  of  structural  changes  of  double  helical  DNA 
.  To  confirm  that  the  unstable  A-conformation 
needs  the  lateral  interactions  including  those  th¬ 
rough  some  number  of  cross-bridges  of  tetramine 
between  duplexes.  X-ray  studies  on  the  precipitat¬ 
ed  complex  of  E,eoli  DNA  with  synthetic  thormosper 
-nine  wore  carried  out  by  using  the  equipment  at 
Univ.  of  Tokyo.  This  complex  in  fibers  showed  the 
ordinary  transition  to  a  crystalline  A-fom  and 
yielded  a  senicrystalline  B-fom  at  66f>  r.h. ,  imp¬ 
lying  the  good  lateral  interactions  of  the  materi¬ 
al  in  contrast  to  DNA-putroBeino(dianlne)  complex. 
These  are  consistent  with  that  totranines  have  a 
strong  effect  of  forming  a  cluster  of  ootton-like 
precipitates  with  DNA.  DNA-spermidine  complex  in 
fiber  showed  the  similar  structural  changes,  alth¬ 
ough  it  tends  to  fom  dispersed  aggregates.  These 
short  contacts  owing  to  methyl  group  of  thymine 
base  are  potentially  of  considerable  biological 
interest  in  relation  with  the  compaction  of  an  iso 
-lated  DNA. 
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CONrORHATION  Uh  A  STEM-LOOP  SIRUCIURE  IN  16S  RIBOSOHAL  RNA 
P.H.  van  Knlppenberq  and  H.A.  Heus,  Department  of  Blochem- 
istry.  University  oi  Leiden,  Vassenaarseweg  64,  2333  AL 
Leiden,  The  Netherlands. 

The  RNA  of  small  ribosomal  subunits  (16S  RNA  in  bacte¬ 
ria)  contains  a  conserved  hairpin  structure  near  its  3'  end 
(1).  Two  neiqhbouring  adenosines  In  the  loop  are  dimethyl- 
ated  at  the  N"  position,  except  in  kasugamycin-resistant 
bacteria  where  the  methylgroups  are  lacking.  He  have  isolat¬ 
ed  this  section  of  16S  RNA  from  wild-type  and  kasugamycin- 
resistant  E.  coZi  and  B.  stearotHerrapkilus  using  the  bactc- 
riocin  colicin  which  makes  a  specific  cleavage  in  the  RNA. 
These  “colicin  fragments"  were  analysed  by  various  techni¬ 
ques,  including  high-resolution  proton  KIR.  The  conclusions 
from  these  studies  are  that  a  conserved  A-U/U-G  junction  in 
the  stem  represents  a  thermo-labile  site  in  the  helix  (2,3). 
NOE  experiments  suggest  that  the  U-G  basepair  Is  destacked 
from  the  A-U  pair  causing  an  irregularity  in  the  stacking 
pattern.  Comparisons  of  wild-type  and  mutant  colicin  frag¬ 
ments  show,  that  dimethylatlon  of  the  adenosines  in  the  loop 
cause  a  destabilization  of  the  helix  proper.  This  is  probably 
due  to  the  stronger  stacking  tendency  of  mSApuRA  as  compared 
to  ApA. 

Probing  of  the  RNA  conformation  with  base-specific 
chemical  agents  and  with  enzymes  yielded  results  which  agree 
very  well  with  those  obtained  with  physical  methods. 

1.  P.M.  van  Knippenberg,  J.H.A.  van  Kimmenade  6  H.A.  Heus 

(1984)  XMteic  Ands  Ses.  T2.  2595-2604. 

2.  P.H.  van  Knippenberg  A  H.A.  Heus  (1983)  J.  BiomUa. 

Struct,  and  Dunaptice  T,  371-381. 
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REACTION  OF  CIS-DIA>«IN'EDICHIjOROPLATINJM(1X)  AND  DKA  2K  B  OR 
Z  CONFORMATION.  M.  Leng.  J.M.  Malinge  and  M.  Ptak,  Centre  de 
Biophysique  Ik>ldculaire,  C.N.R.S.,  4S04S  Orleans  codex, France 

The  nature  of  Che  adducts  and  the  conforeacional  changes 
produced  in  poly(dC-^dC)  .poly(d&-a5dC)  by  cis’diaeainedichio 
roplacinua(II)  (ciiPt)  have  been  studied.  In  the  reaction  of 
cisPt  and  B*DNA,  the  sain  adduct  is  bidendatc  and  arises  froo 
an  incrastrand  crosslink  between  two  guanine  residues  separa* 
ted  by  a  cytosine.  This  was  deduced  froa  the  study  of  the 
cospounds  by  thin  layer  chrosatography  after  acid  hydrolysis 
of  the  polyser.  The  platisatcd  polyoer  is  not  digested  by  $i 
nuclease.  The  antibodies  to  Z^DNA  bind  to  the  plaeinaced  po- 
lycer  with  a  ssaller  affinity  than  to  poly(dG*br^dC).poly(dC- 
br^dC).  The  circular  dichroisa  and  the  RMN  spectra  dif¬ 
fers  froa  those  ot’poly(dC-a5dC)  .poly(dG-a5dC)  in  Z^conform- 
cion.  Ic  is  concluded  that  the  b'dentatc  adduct  induces  a 
conforaationcl  change  froa  the  fi  fora  towards  a  distorted  Z 
fora. 

In  the  reaction  of  cisPt  and  Z-DNA,  a  oonodentatc  adduct 
is  foraed.  This  adduct  stabilizes  the  Z  eonforaation  as  shov*n 
by  circular  dichroisa  and  binding  to  the  anti  Z*DKA  antibo¬ 
dies.  At  rooa  tcaperaturc,  the  second  function  of  the  drug 
can  still  react  with  saall  ligands  as  NH4HCO3. 
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KODSLS  OP  HTPOTHEnCAL  RBCXXMBmTION  JUNCTIONS 
Stewart  KeCavln.  liepartaent  of  CheaistiVi  Ibiverslty  of 
Sundeci  Scotland,  and  H.E.  Bosshard  and  C«  Carlson,  CfBL, 
Eeidelber^,  Vest  Oezaary. 

Models  have  been  constructed  of  hypothetical  recosbln- 
auon  functions  (see  KcGavln  (1977))  Hash  et  al  (I9d0)  and 
Hash  and  Pollock  (1983))  usin^  the  cceputer  ^pUcs  systca 
at  tXSL  (Heidelberg,  Vest  Gersany).  These  are  based  on  a 
suggestion  of  a  specific  pairing  of  duplexes  to  fora  four 
strand  structure  (HcGavln  (1971,  1979)).  Models  of  an 
JLnitial  and  final  pairing  and  of  possible  intezaodiate 
stages  have  been  constructed. 

A  siaple  Bodel  has  also  been  devised  ^diieh  allows 
folloving  the  topological  consequences  of  sose  recoabination 
codels  (see  Hash  et  al  1980,  1993).  This  Dodel  van  designed 
with  the  above  senticned  detailed  colecular  aodels  in  ednd 
but  say  be  of  wider  interest  and  could  apply  to  any  close 
and  restricting  associatio^of  duplexes  (KcGavin,  1984). 

References 

MoCavin,  S.  (I97l),  J.  Mol.  Biol.,  5^,  295-29Q. 

KeCavin,  S.  (1977),  Heredity,  15-25. 

McGavln,  S.  {1979),  J.  Theor.  Biol.,  H,  83-99. 

McCavln,  S,  (1984),  J,  Theor,  Biol,,  102,  57-56. 

Nash,  H.A.,  lUzuucM,  K.,  Ihquist,  Ii.V.  and  Veisberg,  R.A. 

(198O),  Cold  Spring  Harbour  S^.,  417-428, 

Nash,  E.A.  and  Pollock,  T.J.  (1963),  J.  Kol.  Biol.,  170. 
19-83. 
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STUDIES  OF  NUCLEIC  ACID  STRUCTURE  AND  DYNAMICS 
D.R.  Reid,  D.E.  Vernier,  S-H.  Chou,  R.E.  Klevit,  P.  Rajaqopal 
and  N.S.  Ribeiro,  Departments  of  Chemistry  and  Biochemistry, 
University  of  Washington,  Seattle  HA  98195,  USA. 

Pure  tRNA  species  and  several  regulatory  ONA  sequences. 
Including  operators  and  promoters,  have  been  studied  by 
high-resolution  500  HHz  NMR.  Each  base  pair  contributes  one 
imfno  proton  to  the  low  field  spectrum  and  these  protons 
have  been  completely  assigned  by  10  nuclear  Overhaiiser 
experiments  and/or  20NMR  (NOESY)  in  HpO  solution.  Inversion 
recovery  experiments  have  teen  carried  out  to  detenaine  the 
helix  opening  rates  at  each  base  pair.  Promoters  are  asym- 
inetric  in  their  base  pair  opening  and  several  tRNAs  contain 
cloverlcaf  secondary  structure  base  pairs  t’.at  are  markedly 
more  labile  than  the  tertiary  base  pairs  Involved  in  three- 
dimensional  folding. 

20NKR  (COSY  and  NOESY)  has  been  used  to  assign  all  protons 
except  CS'H  and  C5”H  in  the  EcoRI  restriction  sequence,  the 
SV40  promoter,  and  the  lambda  CR3  operator.  The  single  base 
pair  vC3  mutant  (ATS^CS)  of  the  0R3  operator  has  been 
studied  and  compared  to  the  wild-type  operator.  The  NOESY 
spectra  contain  cross  peaks  corresponding  to  known  distances 
(cytosine  C5H-C6H,  deoxyrlbose  C2'H-C2“H5  that  can  be  used 
as  yardsticks  for  other  proton-proton  distances  from  which 
local  structural  variations  can  be  monitored. 

Supported  by  grants  6H29764,  GH32302  and  Program  Project 
GM32681  from  the  National  Inst.  Health  and  grant  PCH8215812 
from  the  National  Science  Foundation. 


020 

CCNFOR-MATIONAL  DYNAMICS  CF  OLIGONUCLEOTICES 
r.Cla««snst  R.Piglert  A.GrSslundO  %  J.Chatfspadhyaya^ 

K«d.  biophysics,  Marolin&ka  Institute,  Stockholm, 
®Dept.  Bicpliysics,  Arr,.enius  Laboratory,  StocKhols 
^Dopt.  Microbiology,  bioeodical  Center,  Uppsala,  SWTSEN 

Conf6rBatior.al  states  and  transition  kinetics  of  oligo- 
and  polynucleotides  can  be  studied  using  fluorescent  nucleo¬ 
tides  at  defined  positions  as  local  structural  probes,  from 
the  analysis  of  the  lifetime  spectrum  and  the  rotational 
notion  of  the  probe  after  excitation  by  a  s^e-locked  and 
synchronously  pumped  dye  laser  pulse,  the  dyr.a=;£e  properties 
of  probe  and  neighbouring  nucleotides  can  be  assessed  with 
picosecond  t-iae  resolution. 

Here  the  temperature  dependence  of  the  stacking  and  un¬ 
stacking  of  the  fluorescence  2-as£r.oparir.e  (TAP)  is  investi¬ 
gated  in  ribonucleotide  duplets  and  triplets.  The  fluor¬ 
escence  decay  of  TAP  alone  is  sainly  characterised  by  a 
lifeti&e  of  10  ns  while  when  incorporated  into  oligonucleo¬ 
tides  3  fluorescent  lifetimes  (8.7,  3.8  and  1.1  ns)  are 
needed  to  describe  the  fluorescence  decay  of  TAP. 

Anisotropy  decay  curves  shew  that  the  rotational  cerreia- 
tion  time  of  TAP  alone  (o=130  ps)  easily  can  be 
distinguished  from  the  A(T'pS*)A(2*p5')TAP  molecule 
(o=3*‘0  ps)  when  ccepared  at  the  same  temperature  (TS^C). 

Froa  comparison  of  the  temperature  dependence  of  life¬ 
times,  rotational  correlation  times  and  ring  current  shifts 
obtained  froa  high  resolution  FMR  spectra,  the  dj-nanic 
properties  of  stacked  and  unstacked  conformations  as 
indicated  by  TAP  in  various  positions  are  deduced. 
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CD  EVIDENCE  THAT  C-c'*'  PAIRS  EXIST  ALOXGSIDE  A-T  PAIRS  IN 
THE  OLICONTCIEOTIDE  DOUBLE  HELIX  dK^A^T^C^) -dKiAiTjC^) . 
D.M.  Cray,  T.  Cui,  and  R.L.  Ratliff,  Progras  in  Molecular 
Biology,  Unlv.  of  Texas  at  Dallas,  Richardson,  TX,  USA. 

It  is  well-known  that  helical  structures  of  poly(d(C)] 
and  poly{r(C)l  contain  heaiprotonaced  base  pairs.  •  Ve 
have  shown  that  C-C^  p.ilrs  also  fort;  In  the  alternating 
sequence  pol>-scr  poly(d(C-T)).  Ic  seeas  reasonable  to 
assunc  that  in  these  polysers  the  base  pairs  fora  between 
parallel  strands.  In  order  to  test  the  possibility  chat 
C*C^  pairs  can  also  fora  between  anciparallel  strands,  ve 
have  synthesized  and  studied  the  DKA  hexadecaaer,  C4A4T4C4. 
A*T  pairs  can  fora  between  anciparallel  strands  of  this 
oligoaer,  but  not  between  parallel  strands.  The  CD  charac¬ 
teristics  of  stacked  A*T  pairs  (e.g.  a  negative  CD  band  at 
2S0  na)  and  of  stacked  C^Cf**  pairs  (e.g.  a  positive  CD  band 
at  285  na)  have  been  deterained  froa  other  sysceas.  Ve 
find  that  both  types  of  CD  features  slaulcaneously  appear 
for  Che  C4A4T4C4  oligoaer  as  the  teaperature  Is  lowered  to 
0*C  at  pH  5  or  6  (0.5M  HaCl),  conditions  favorable  for 
forastlon  of  a  double  helix.  Ve  conclude  that  C'C'*’  pairs 
fora  alongside  A>T  pairs  between  anciparallel  strands  of 
Che  oligoaer. 

(This  work  was  supported  by  NIH  Research  Grant  CH19060 
and  Grant  AT-S03  froa  Che  Robert  V.  Welch  Foundation.) 
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ALGORITHMS  FOR  THE  STABILITY  HAP  OP  NUCLEIC  ACID 
SECONDARY  STRUCTURE  AND  FOR  THE  SECONDARY  STRUCTURE 
COMPOSED  OF  MORE  THAN  TWO  CHAINS 
A.  Suyatna,  Y.  Eguchi  end  A.  Wad&,  Dept,  of  Physics, 
o'nlv.  ©^“"Tokyo,  Dunkyo-ku,  Tokyo,  Japan. 

Two  efficient  and  well-defined  algorithms  for 
the  secondary  structure  of  single-stranded  nucleic 
acids  have  been  developed.  The  first  one  is  to 
calculate  one-  and  two-dimensional  bonding  prol>- 
ability  maps  which  represent  stability  of  the  sec¬ 
ondary  structure.  Especially  one-dimensional  bond¬ 
ing  probability  map  is  convenient  to  compare  with 
experimental  enzyme  accessibility  and  chemical 
modification  data.  By  this  method  the  secondary 
structure  of  E.  coli  SSrRNA  was  calculated  and 
compared  with  experimental  enzyme  accesibillty  and 
chemical  modification  data.  In  a  certain  condition 
the  calculated  structure  well  explains  the  experi¬ 
mental  data.  The  second  one  is  to  calculate  the 
secondary  structure  composed  of  more  than  two  chains 
such  as  rRNA-mRNA  complex.  By  this  method  the 
secondary  structure  composed  of  human  U1  snRNA 
and  ;9 -globin  hnRNA  was  obtained.  It  was  found 
that  U1  snRNA  preferentially  binds  to  a  5'  splice 
site.  Ke  are  now  applying  these  methods  to  the 
secondary  structures  related  to  biologically  inter¬ 
esting  systems  including  a  self-splicing  RNA  such 
as  rRNA  precursor  of  Totrahymena,  a  complex  formed 
from  MI  RNA  of  RNase  P  and  tRNA  precursor,  and  a 
IGSrRNA-mRNA  complex  in  B.  coli. 
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A  KCHANISM  FOR  CONTROL  OF  GENE  EXPRESSION 
ft.C.  Hopktns*  Univ.  of  Kouston-CL|  Houston*  Texes  77058  USA 
thel)atring  of  two  hoiaotogous  DNA  duplexes  to  produce  a 
tetraplex  structure  has  been  proposed  recently  as  a  eechantsei 
by  whfch  seal-pensanent  gene  tnactivatfon  and  cell  differen¬ 
tiation  night  occur  (1)«  The  implications  of  this  hypothesis 
are  far-reaching  indeed:  a)  it  provides  a  basis  for  under¬ 
standing  the  extreme  fidelity  of  genome  naintenance  in  eukar¬ 
yotes*  b)  it  offers  an  explanation  of  the  nethylation  pat¬ 
terns  in  higher  organisms,  and  c)  it  suggests  a  fundanental 
mechanism  in  the  Initiation  of  carcinogenesis,  with  clear 
implications  for  drug  design.  Nonetheless,  both  a  scheoe  for 
specifically  pairing  two  homologous  base  pairs  to  fom  a  tet¬ 
rad  (2)  and  a  model  of  four-stranded  Katson-Crick  DHA  (3) 
have  been  known  for  a  long  tiipe.  Vhat  is  unique  about  the 
tetraplex  models  mentioned  above  is  that  they  are  based  on  an 
alternative  family  of  double-helical  models  for  the  structure 
of  DNA  (4,5).  This  model  family.  Configuration  11,  preserves 
the  base  pairing  scheme  of  the  original  Watson-Crick  family. 
Configuration  1,  but  differs  in  having  antiparallcl  chains  of 
the  opposite  sense.  The  left-handed  Z-ONA  forms  are  examples 
of  this  alternative  structural  family,  but  are  not  mccters  of 
the  topologically  distinct  Uatson-Crick  family  {Support¬ 
ed  by  grant  E-889  from  the  Robert  A.  Welch  foundation) 

1.  Hopkins,  R.C.  (1984)  Conrents  Kol.  &  Cell.  Biophys.  2,  153 

2.  Lo^in,  P-0.  (1964)  irT^l^tronTc  Aspects  of^io^emTstry. 

6.  Pullman,  ed.  (AcademTc  Press, P-  167. 

3.  KeCavin,  S.  (1971)  J.  Kol.  Biol.  55,  293. 

4.  Hopkins,  R.C.  (19817  Scienc?irri."789. 

5.  _ ,  (1983)  Cold  SpTTH^bTTypip.  Quant.  Biol.  129. 
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ELECTRIC  FIELD  INDUCED  DXCHROISM  OF  NUCLEIC  ACIDS; 

ALTERKATINC  PURINE-PYRIMIDINES 

E.  Charney,  H-H  Chen  and  D.  C.  Rau,  Laboratory  of  Chemical 
Physics,  NIADDK,  National  Institutes  of  Health,  Belhesda,  KD 
20205,  U.S.A. 

The  dichroisa  of  alternating  AT  and  CC  sequences, 
produced  by  clcctric-field  orientation  of  the  dcoxypolyners 
of  these  coapounds  is  used  to  study  their  polymorphic  trans- 
forsutlons  and  their  physical  and  structural  properties.  The 
transient  decay  of  the  dichroisa,  of  poly(dA*dT)  of  defined 
molecular  lengths,  when  the  orienting  field  is  sharply  cut* 
off  (in  tens  of  nanoseconds)  shows  this  sequence  is  highly 
flexible  coapared  to  that  of  randoa  sequence  DMA.  Both  the 
transient  and  steady-state  dichroisa  of  pol;  dC-dC  in  the  B 
and  Z  coaformatlona  confora  to  theoretical  predictions  based 
on  their  crystal  and  fibre  x-ray  dctcrained  structures. 

The  results  do  not  bear  out  inferences  drawn  from  other 
dKhroisa  studies  of  B-fona  DNA  that  laply  that  the  averagr 
tilt  or  the  propeller  twist  of  the  b«ses  Is  ta.<ch  greater 
than  cxp<‘cted  froa  the  canonical  BDNA  structure  calculated 
from  the  x-ray  diffraction  of  fibres. 
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A  RA.MAN  SPECTROSCOPY  ANALYSIS  OF  FROKOTER  AND  NON-PROMOTER 
DNA  FRAGMENTS,  R.  M.  Wartell.  J.  T.  Harrell  and  S.  Abhiraaan, 
Georgia  Institute  of  Technology,  Atlanta,  GA  30332  (U.S.A.) 

Raman  spectroscopy  was  esployed  to  exaaine  DKA  restric¬ 
tion  fragments,  69  -  144  bp.,  from  the  E.  coll  lactose  pro¬ 
moter  region.  The  144  bp.  fragment  contains  the  binding 
sites  for  RKA  polymerase,  Che  lac  repressor,  and  the  CAP  pro¬ 
tein.  The  64  bp.  DNA  isolates  the  CAP  alee  and  Is  identical 
to  one  end  of  the  144  bp.  fragment.  The  80  bp.  DNA  consti¬ 
tutes  the  other  end  of  the  144  bp.  DNA.  Spectra  were  obtain¬ 
ed  In  0.1  H  HaCl  from  these  fragments,  as  well  as  from  five 
heterogeneous  sequence  DMAs  (10Z-72T  G«C)  and  the  DNA  poly¬ 
mers  d(A-T)n»d(A-T)n,  d(A)n*d(T)n,  d(C-C)„-(G-C)n,  and 
d(T-0)n«d(C-A)n. 

A  date  analysis  procedure  was  developed  to  evaluate 
Raman  band  height,  location  and  width  for  overlapping  Raman 
bands.  ThM  procedure  generated  a  least  squares  fit  of  cal¬ 
culated  curves  to  the  experimental  spectra.  Intensities  of 
over  eweive  Raman  banda  were  measured  relative  to  the  1093 
cm’^  dlox-phosphate  stretching  mode.  Plots  of  relative  In¬ 
tensity  vs.  G*C  content  for  base  ring  vibrations  at  668,  682, 
730,  750  and  782  em*^  Increased  or  decreased  as  expected. 
Overlapping  Raman  bands  at  791  cm'^,  810  t  5  cm'^  and  835  t 
6  cm**  were  required  to  produce  the  780-850  cm*^  spcecrsl 
region  for  all  DMAs.  The  835  cm'l  Is  a  B-spectflc  backbone 
vibration  associated  with  a  C2*-en^  sugar  pucker.  The  810 
cm**  band  has  been  assigned  Co  a  backbone  mode  with  Che  sugar 
ring  C3*-endo.  T'-e  promoter  fragments  have  intensities  con- 
sieceot  with  their  X  C*C  and  Che  data  from  the  heterogeneous 
sequence  DMAs.  Work  supported  by  M.I.H. 


DRUG  BlsmiNC  TO  Z  DNA 

R.H.  Shafer,  S.C.  Brown  and  D.A.  Wade,  Deparcment  of 
Fhanaaceuticai  Chemistry,  Unlveralty  of  California,  San 
Francisco,  CA.  U.S.A. 

the  interaction  of  left-handed,  Z  DNA  with  several 
Intercalators  has  been  studied  under  a  variety  of 
conditions.  In  particular,  echidium  and 
bls(eethldiua)spermine,  a  double  intercalator,  have  been 
examined  using  absorption,  fluorescence,  circular 
dichroism  and  NMR  techniques.  Results  froa  these 
experiments  indicate  chat  left-handed  poly(dG-dC)  can 
bind  Intercalators  resulting  in  effects  on  the  ligand 
similar  to  those  produced  by  complex  formation  with 
right-handed  DNA.  Stopped-flow  studies  demonstrate 
blaolecular  kinetics  for  the  binding  of  these  coapounds 
to  Z  DNA  on  a  time  scale  similar  to  that  observed  with  B 
DNA.  This  result  suggests  that  binding  occurs  directly 
to  the  Z  fora  rather  chan  to  a  reverted  B  form  of  the 
polynucleotide.  The  dynamics  of  the  drug-polynucleotide 
complexes  in  both  the  B  and  Z  forms  have  also  been 
examined  using  stopped-flow  H-D  exchange  with 
fluorescence  detection.  Results  of  these  experiments 
address  the  question  of  the  local  DNA  conformation  at 
the  site  of  drug  binding.  Actinosycln  D  also  appears  to 
bind  to  Z  DNA.  These  data  will  be  discussed  in  terms  of 
the  biological  significance  of  Z  DNA  as  a  drug  receptor. 
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EFFECTS  OF  LOCAL  ELECTROSTATIC  FIELDS  ON  TRANSITION  MOMENT 
DIRECTIONS  IN  9-ETHTLGUANINE.  R.M.  Woody,  OeparMient  of  Bio- 
cheraistry,  Colorado  State  University,  Fort  Collins,  CO,  USA. 

The  directions  of  transition  rooents  are  fundanental  para¬ 
meters  in  theoretical  treatments  of  the  absorption  and  CO 
spectra  of  biopolyoers.  Absolute  transition  moment  directions 
of  the  purine  and  pyrimidine  bases  of  nucleic  acids  have  teen 
derived  from  polarized  absorption  spectra  of  single  crystals. 
In  previous  studies,  the  effects  of  local  electrostatic  Melds 
have  been  neglected.  Such  fields  can  (I)  shift  the  energies 
of  states  relative  to  the  gas  phase  due  to  the  charge  distri¬ 
bution  upon  excitation;  (2)  electrostatically  induce  mixing 
of  states.  In  extreme  cases,  the  first  effect  can  reverse  the 
ordering  of  excited  states  In  a  polar  molecular  crystal  rela¬ 
tive  to  the  gas  phase.  The  second  effect  can  lead  to  reorien 
tation  of  transition  exxaents  in  the  crystal.  Both  effects  art 
expected  to  he  most  important  in  cases  of  near-degeneracy, e.g 
the  near-uv  spectra  of  purines.  According  to  MO  theory,  9- 
ethylguanlne  has  a  large  permanent  dipole  moment  in  the 
ground  state  which  decreases  upon  excitation  to  the  first  ex¬ 
cited  state  (S.),  but  Increases  upon  excitation  to  Calcu¬ 
lations  using'several  different  HO  parameterizatlonS  Indi¬ 
cate  that  the  first  two  excited  states  are  brought  closer  to¬ 
gether  In  energy  and  are  mixed  significantly  In  the  crystal. 
The  resulting  transition  moment  directions  agree  much  better 
with  experiment  than  do  those  predicted  by  HO  theory  for  the 
gas  phase.  The  effect  of  electrostatic  fields  on  transition 
moment  directions  must  be  considered  in  Improved  treatments 
of  the  optical  properties  of  nucleic  acids  and  proteins. Sup¬ 
ported  by  a  USPHS  grant,  CH22994.) 
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IBIEIUCIIOS  OF  CA7FZIS5  WITH  VAIER  JUID  DHA 
HYPRATIOH  SHELL 

y.Yn.  KnlnnT,  A.T.  SbastopaloTTt,  i.I.  Casan  Bsd 
T^A.Kaabpuri  Isatitut.  of  Radlophyalcs  and 
Bleotroaloa  of  the  Ukrainian  icadanY  of  Sclenoea, 

KbarkOT)  DSSK 

Ibo  tharaal  atabllity  of  SEA  froa  calf  tbysu. 
was  studied  speotropbotoaetrlcally  as  a  funotlon 
of  caffslno  ooncentratlon.  At  lo«  caff.lns  oonoen- 
tntion  Cry  tb»  LEA  aeltlng  tsapsratura  to- 

und  to  Increaas  by  2^0  In  ocapariaon  with  In  for 
pur.  LEA.  On  tbs  oontraz?  tbo  inertaa.  of  tbs  ca- 
ffelns  conosntration  deereasss  tbs  !,»  Es  auppo.- 
ed  that  suob  bebaTlonr  can  b.  ezplain.d  by  dlffe- 
r*nt  eff.ots  of  aonoaer  and  aisoolatad  oaff.lne 
fora,  on  the  water  aoleoules  surrounding  CIA.  The 
results  of  tbs  Honte  Carlo  slaulatlon  of  tb.  aono-> 

Bsr  and  dlasr  caffeine  fozas  hydration  In  a  olust- 
sr  of  200  water  aolscules  have  abown  that  tbs  wat-» 
er-water  Interaotlon  around  tbs  dlasr  Is  greater 
than  the  analogous  Interaction  around  aonoaer.  The 
tbooretloal  resulto  are  In  a  good  agzzeeaent  with 
the  ezperlaental  data  on  caffeine  hydration  In  eo- 
lutlcn  obtained  by  the  dleleotreaetrlc  aetbod  In 
the  Blorowavo  region.  Ee  found  that  at  ralatlrely 
low  concentration  (Cry  a0.€{(}  about  three  water  ao- 
lecules  are  bond  to  each  oaffelne  aoleoule.At  hig¬ 
her  oonoentratlon  (Cr/  al.SK)  the  eaount  of  the  bo-> 
und  water  aoleenlc?  deoreasee  to  1.5  per  one  eeffe- 
1ns  aolacals  apjarently  owing  to  aelecular  asse»la>  j 
tloa.  j 
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CO  AND  'H-MflR  STUDIES  OT  THE  B  AND  Z  DOUBLE  HELICAL 
STRUCTURES  OF  d-IC-G-n’c-G-C-G).  COMPARISON  OF  THE  MECHA¬ 
NISM  OF  WE  B-Z,  COIL  TRANSITION  8ETKEEN  d-(C-G-o“c-G- 
C-G),  d-(a  C-G-C-G-m“c-G)  AND  d-(C-BrG-C-G-C-BrGl. 

J.M.  Neusann*.  J.A.  CavalllSs*.  J.  Taboury*,  T.  Huynh- 
Oinh**,  J.  lQo]en**i  S.  Tran-Oinh*.*Service  de  Biophysi¬ 
que,  O^partersent  Biologfe  CEN  Saclay  91191  Gif  /  Yvette 
Cedex,  France'*  Unit§  de  Chiraie  Organique,  Institut  Pas¬ 
teur  28  rue  du  Or  Roux  7S724  Paris  Cedex  15,  France. 

The  various  structures  of  d-(C-6-ra^C-G-CfG)  in  aqueous 
solution  have  been  investigated  by  CO  and  'h-NHR  spectro¬ 
scopies  at  different  teaperatures  and  salt  concentrations. 
At  rcoa  teiaperature,  in  0.1  M  Nad,  tie  B  fom  is  only 
detected  whereas  in  1.3  K  Nad,  the  B  helix  slowly  ex¬ 
changes  with  the  Z  helix  (at  the  NKR  tloe  scale).  In 
presence  of  4M  Nad,  the  Z  fom  is  largely  predooinant  at 
room  teoperature.  Assignaent  of  the  Z  proton  signals  has 
been  achieved  by  saturation  transfer  between  the  6  and  Z 
signals  at  1.8  M  Nad  and  by  selective  'h-'h  decoupling  at 
4  H  Nad,  The  siechanisa  of  the  transitions  between  the  6,Z 
and  coil  forms  has  been  also  investigated  ;  in  particular, 
the  exchange  rates  have  been  deterained  by  laeasuring  the 
NOE,  T^  and  7^  of  the  Z  proton  signals.  As  in  the  case  of 

d(n^C-G-C-G-o  C-G),  the  Z  helix  is  obtained  froa  the  B 
helix  by  intramolecular  rearrangement.  This  inechanisa  is 
compared  to  that  observed  in  the  case  of  d-(C-6rG-C-6-C- 
-BrGl  where  the  Z  helix  is  directly  obtained  froa  the  coil 
form. 
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HYDRODVNA.MIC  PROPERTIES  OF  BROMO  MOSAIC  VIRUS  RMA 

B.M.  Schoot,  J.Y.  Sgro  and  B.  Jacrot,  EM8L  Grenoble 
outstacion,  c/o  ILL  156X  38042  Grenoble  Cedex  France  . 

Sedioencabign  <'cef£icients  of  purified  BMV  RNA  (Mu  0.28, 
0.7  and  1,0  x  10^  d«  tons)  arc  deceroined  in  buffers 
containing  KCI,  MgCl2  •  Speraine  and  Spcraidinc.  Increase  in 
additive  concentration  results  in  increased  ^  values  and 
in  an  increased  tendency  to  fora  aggregates.  Thd^highcr  the 
eolecular  weight  of  the  RNA  studied,  the  acre  pronounced  are 
these  effects. 

A  plot  of  In  S  Q  versus  In  Mu  for  data  obtained  froa 
BMV  RNA,  yeast  tRNAjJ[*  and  froa  C.  Coli  I6S  R.NA  In  the  saae 
buffer,  show  that  tnefe  values  all  fit  on  the  saae  straight  . 
line.  The  slope  of  this  line  varies  botveen  0.44  (10  aM  Tris- 
acetate  buffer  pH  7.0)  and  ^.57  (200  oH  KCI.  50  aM  MgCl-  and 
buffer).  This  indicates  that  R.NA  aolceules  undergo 
transitions  froa  a  rather  extended  to  a  aore  globular  shape, 
with  a  flexible  chain  as  interoediato.  The  fact  that  the  in  S 
values  for  tRNA  fits  on  this  lino  say  indicate  that  the  chain 
consists  of  hydrodynaalcally  t'’AA-UVe  subunits. 

Measureaents  of  the  radius  of  gyration  with  X-rays  or 
neutrons  show  that  the  RNA  in  solution  is  not  as  ccapact  as 
in  the  virion.  This  shows  the  essential  role  of  the  coat 
protein  in  the  aorphogenesis  of  the  virion. 
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LENGTH  AND  SALT  OEPENOEHCE  OF  OLIGONUCIEOTIOE  HELIX-COIL 
TRA-NSITIOMS  BY  MONTE  CARLO. 

Pamela  Hills,  Paul  Christy,  Charles  Anderson,  and  M.  T. 
Record,  Jr.,  Oept.  of  Chemistry,  University  of  Wisconsin, 
Madison,  Wisconsin  53706. 

The  Polsson-BoUzmann  (PB)  cell  node!  has  often  teen  used 
to  calculate  the  radial  distribution  of  smell  Ions  around 
polylons  In  solution.  From  these  distribution  functions  the 
themodynaalc  properties  of  polyelectrolytc  i.olutlons  can  be 
calculated.  The  counterion  condensation  (CCi*  model  for  Ion 
Interactions  with  rod-llke  polylons  provides  an  aUematlve 
approach  to  the  analysis  of  themodynanic  eeasurccents.  In 
order  to  test  the  accuracy  of  the  P6  and  CC  models  at  the 
molecular  level,  we  have  computed  small  ion  radial  distri¬ 
bution  functions  by  adapting  the  Metropolis  Monte  Carlo 
aechod  for  a  canonical  ensemble  to  cylindrical  symetry. 

We  have  developed  a  perturbation  approach  that  pemlts  the 
syst<^tlc  approximate  evaluation  of  nonconfiguratlonal 
themodynanic  variable  (entropy  and  free  energy). 

The  systems  of  Interest  are  helical  polymeric  and  oligo¬ 
meric  ONA  In  an  aqueous  solution  containing  one  type  of 
simple  electrolyte.  The  polylon  Is  modeled  as  a  oilfom 
itspenetrable  cylinder  having  a  regular  discrete  array  of 
structural  charges.  The  mobile  Ions  are  modeled  as  hard 
spheres  and  the  solvent  as  a  medium  of  a  Mnffora  dielectric 
const'.ofc.  Only  Coulonbic  Interwrtlclc  forces  are  Included 
in  tiiO  simulations.  We  have  used  this  model  to  obtain  soall 
Ion  distributions  and  thus  to  predict  themod/nanlc  para¬ 
meters  such  as  the  dependence'^  of  toe  helfx-cotl  trai.sUlon 
tec7craturc  of  oligomeric  DNA  on  salt  concentration  and 
chain  length 
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TBW^RiTURE  CF  THSi'B^JXTO'Z-n.Xl.  HULT.SiTllK 

I^bhas  Reychaudhuri,  Deportsent  of  Applied  Hathesatics, 
Calcutta  lhivcrsity,CAlcutta-7C0C09, INDIA* 

A  dynasical  model  for  D!IA(S3S)acleci:le  has  been  pi^sent* 
ed  i^ch  can  incorporate  both  right  handed  and  left  heuxiedin 
a  xadguo  vaylho  structure  of  DJiA  adecule  is  then  oacillati. 

betvreen  right  hauled  and  left  handed  foxis  depending  on  th4 
advent  characteristics^*^ ‘Ihdcr  ordinajy  cojditions  there  arg 
no  tranaitiens  between  the  right  handed  DI!A  to  the  left  ban¬ 
ded  DNA*Relativcly  pure  B-E-i(A  can  be  prepared  in  crystalline 
fibre  at  low  teaperatvire*In  these  pure  substances  trancitico 
leading  to  the  equilibriie:  nixturc  of  B-DIJA  and  Z-DIA  will 
depend  on  the  ccncentration  and  mechanical  and  aagnetic  ncsiw 
ent  of  the  individual  aoncr.er  in  the  helices*  Ue  have  shown 
that  in  ooloculc  the  ratio  of  the  nmbers  of  D-DliA  and 
2-Dl.A  IS  a  function  of  tcapcraturc^idiich  fom  the  Edtasann 
distribution  is  ,  */.  ta/ 

-  [(ijUL  F./r. 

depending  cn  the  spin  of  the  nucleotide, where  Zg  are  tht 
rotational  partition  firiction  for  B-D>A  and  Z-D)JA  aolocule  a| 
the  teaperature  vanes  fren  0  to*«>**he  ratio  vanes  freo  0  tc 
l^)dcpen(Ju;g  on  t'^«  spin  of  the  nuclcotide*Teapera-f 
ture  dependence  of  the  B-DJA  to  ^DNA  transition  has  been 
observed  recently  by  Patel  et  al^^  Jovin  et  al*(,%ebe  et  al^» 
RBFSlSJC£S:-(l)P*Raychaulhuri,Spec.S:i.Tech*iU2B3,267(198l) 
J,23,46l(l9G2)*{2)D*J*Ifetel  et  al*FlAS(USA)^,U13(19B2j,ry 

(3) T*K*Jovin  et  al^Edceolccular  structure  and  dynesdc 8(1^33) 

(4) K*J*Eehe  et  al* Private  ccncunication  to  T*M*JovSn(1983)* 
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PBOTOCHEUICAL  STUDIES  OP  ALTERNATING  DNA  COPOLYMERS 
S.  Kuaar  and  R.J.H.  Davies.  Dopart&cnt  of  Biochraistry, 
Ucdlcal  Biology  Contro,  Queen's  University^  Belfast,  N. 
Ireland. 

A  novel  adenine-tbyalno  photoadduct  is  produced  when 
poly(dA-dT>  is  irradiated  at  2S4na  in  aqueous  solution.  Its 
fonaation  can  bo  detected  by  its  specific  conversion  into 
tho  fluorescent  heterocyclic  base  l-aotbyl-l-deazapurin-2- 
one  when  the  irradiated  DNA  copolycer  is  treated  with  1  H 
HCl,  at  100  ®C,  for  4  h.  The  l-Bethyl-l-doatapurin-2-one 
thus  generated  can  be  isolated  by  high  voltage  paper  electro* 
phoresis  or  by  reversed  phase  KPLC.  Its  subsequent  quantit¬ 
ation  by  spectrofluoriMtry  pomits  calculation  of  tho 
quantuB  yield  of  tho  photoreaetion  under  the  relevant 
experisontal  conditions.  For  singlo-stran^d  poly(dA-dT). 
the  quantua  yield  is  approxtaately  5  x  10*'*  e»o1  oinstcin*^. 
The  yield  is  decreased  at  least  five-fold  in  doi4>le-strandod 
polyfdA-dT> .poly(dA-dT) ,  showing  that  the  photoreaetion  is 
quenched  as  a  consequence  of  tho  conforsational  changes 
accoapinying  base  pairing. 

The  possibility  that  analogous  purinc-pyriaidine  photo- 
adducta  iro  forced  in  poly(dI-0C>  and  poly(dC-dC)  was 
explored  by  irradiating  those  copolyaors  at  254nB  and  then 
analyzing  their  acid  bydrolyzatos  for  tho  presence  of  the 
expected  degradation  product  l-doazapurin>2-ono  Negative 
results  wore  obtained,  however,  with  the  single  and  double- 
stranded  foras  of  poly(dl-dC)  and  the  B  and  Z  foras  of 
poly(dC-dC) . 

This  work  was  supported  by  the  SERC. 
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STRUCTURE  IH  rSNA  FROM  £,.  £oli  BY  ELECTRON  MICROSCOPY. 

8.K.  Klein  ana  0.  Schlesslnger,  Oepart«nt  of  MlcroUlology 
and  Iirmnclojy,  Wastilnoton  University  Sch.  of  Medicine, 

St.  Louis,  MO.  USA. 

Ilie  positions  and  sites  of  the  nost  stable  loops  were 
deterained  In  partially  denatured  IBS  and  Z3S  rRNA  fron 
coll.  rRNA  was  prepared  for  electron  alcroscopy  using  a 
byperphase  containing  SOX  forav>alde,  10  eM  Tris  (pH  8.0), 
and  varying  concentrations  of  nonovalent  and  divalent  Ions 
to  adjust  the  arwunt  of  structure  In  the  partially 
denatured  iiotecules.  The  locp  patterns  of  many  molecules 
were  then  analyted  In  detail  to  Infer  a  composite 
structure.  At  moderate  Mg2*  concentrations  (0.5  to  Z.O 
mN)  the  consensus  loop  patterns  fall  Into  discrete 
location  domains  along  the  contour  of  the  molecule.  For 
IBS  rRNA  three  loop  location  domains  were  Identified,  with 
five  loops  resolved  well;  a  5"  teralnal  loop  was 
particularly  prominent.  In  Z3S  rRNA  thirteen  loops  were 
seen  In  seven  locations  domains;  four  of  them  especially 
prominent.  These  results  agree  well  with  the  models  for 
unique  secondary  structure  features  predicted  on  the  basis 
oi  phylogenetic  comparisons  and  chemical  and  enzymatic 
protection  stud  -s.  In  addition,  the  relative  stability 
of  the  loops  show  that  those  features  most  prominent  In 
IBS  and  23S  rRNA  are  among  those  with  the  lowest  predicted 
free  energy  In  the  secondary  structure  mode's.  The  loop 
structures  showed  some  strong  and  unexpected  similarities 
between  the  nost  stable  features  of  secondary  structure  In 
IBS  and  Z3S  rRNAs.  Both  iiRNAs  show  a  stable  5*  terminal 
loop  and  a  set  of  subteralnal  nested  loops  near  the  3'  end. 
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tRNA^^®:  Codon-anticodon  Interaction.  A  SOO  Mix  study 

A.M.  Gronenbom^,  G.M.  Clorc^,  and  L.Vf.  McLaughUn^ 

A  Division  of  Physical  Biochcnlstry,  National  Institute  for 
Medical  Research,  Mill  Hill,  London,  UK. 

2  Max  Planck  Institut  fur  E^qpcriacntelle  Medisin,  Kcr&an-Rein 
Strassc  3,  D-3400  Gottingen,  F.R.G. 

A  SOO  14}z  ^H-NMR  sludv  oi.  the  scQi-synthctic  RNA  penta- 
dccaocr  S'rCAGA(^UG^YA$a^CUG  coz^rislng  the  anticodon  loop 
and  stea  (residues  28  to  42)  of  yeast  tRNA^^®  is  presented. 
Using  pre-steady  state  NOE  seasure&cnts  all  exchangeable  and 
non-exchangeable  base  proton  resonances,  all  HI*  rlbose  res¬ 
onances  and  all  sethyl  proton  resonances  arc  assigned  and 
over  70  intra-  and  internuclcotide  interproton  distances 
dctcroined.  Proa  the  distance  data  the  solution  structure  of 
the  pentadecaacr  is  solved  by  aodel  building.  It  is  shown 
that  the  penfadecaacr  adopts  a  hairpin  loop  structure  in 
solution  with  the  loop  in  a  3'  stacked  conforcation.  This 
structure  is  both  qualitatively  and  quantitatively  recarkably 
sitular  to  that  of  the  anticodon  loop  and  steo  found  in  the 
crystal  structures  of  tRNAPI'®  with  an  overall  root  ciean 
square  difference  of  1.2  X  between  the  Interproton  distances 
deterained  by  »1R  and  X-ray  crystallography.  Interaction  of 
the  pcntadecaacr  with  the  ribotrinucleoslde  diphosphate 
UpUpC,  one  of  the  codons  for  the  aiaino  acid  phenylalanine, 
results  only  in  ninor  perturbations  in  the  structure  of  the 
pcntadccaaer  and  the  3'  stacked  conforaation  of  the  loop  is 
preserved.  The  stability  of  the  pcntadccaoer-UpUpC  cosplex 
is  approxl&atcly  an  order  of  oagnltude  greater  than  that  of 
the  iRNA^^^-UpUpC  cosplex. 
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STOUCTURAI.  FCLYI’ORPHISM  IN  SUPERCOILED  DNA:  1HERW3DYKAMICS 
AND  KINETICS  OF  CRUCIFORM  STRUCTURE 
D  M  J  Lillcy  &  L  R  Hallaa.  Dept  Biochenistry,  Medical 
Sciences  Inst,  University  of  Dundee,  DUNDEE  DD1  Lhn 
Ve  have  shown  that  inverted  repeat  sequence8(eg,the  t3bp 
repeat  of  ColEl)in  negatively  supercoUed  DNA  eolecules  are 
hypersensitive  to  a  variety  of  erixyce  and  chcaical  probes, 
indicating  crucilora  extrusion.  The  probes  include(a)Single- 
strand-specific  nucleascsfSl  nuclease,  sicrccoccal  nuclease 
and  BAD3l)which  cleave  the  loop  of  the  cruciforB(b)Holliday 
structure  re8olva8e(TJ»  endonuclease  VII)tfhich  introduces 
staggered  cleavages  at  the  base  of  the  steas  a;id  <c)Single* 
strand-selective  reagents(brcsoacetaldehyde  and  OsOi,). 
Thercodynaaics ;We  have  prepared  pure  single  topoisoa-ers  of  a 
saali  plasaid  containing  the  ColEt  inverted  repeat,  and 
studied  their  reactions  with  Si  nuclease,  BAL31,  T^  endo¬ 
nuclease  VII  and  OsO]t.  In  each  case  there  is  a  sharp  transi¬ 
tion  froa  total  insensitivity  to  sensitivity, and  the  critical 
linking  difference  is  probe-independent.  This  value  cor¬ 
relates  veil  with  band  shifts  observed  in  electrophorcsis.We 
say  calculate  the  twist  change(dTv)on  crucifom  extrusion  and 
the  free  energy(dO)of  crucifom  forsation. 

Kinctics;We  prepare  plasnid  without  crucifom  structure  by 
treatnent  with  cthidiua  brosidc  and  subsequent  rcaoval  at  low 
tcsperaturc.  Vc  assay  the  ro-extrusion  process  by  exposure  to 
a  given  teaperature,tiBe  etc, followed  by  a  low  teeperature  S' 
nuclease  or  T^  endonuclease  VII  reaction.  A  critical 
teaperature  of  33^0  is  required  for  facile  extrusion  of  the 
ColEl  crucifom.  Ve  have  calculated  both  enthalpy(iK*)  and 
cntropy(dS*)of  activation. 
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X-RAY  DIFFRACTION  STUDIES  OF  THE  D  FORM  OF  THE  POLY  d(A-T) . 
POLY  d(A-T)  DOUBLE  HELIX,  W.  Fuller.  A.  Mahendtasingaa, 

U.J.  Pigrao,  R.J.  Greenall,  V,T.  Forsych  and  C.  Nave, 
Departsent  of  Physics,  University  of  Keele,  Staffs,  STS  5BG 
England  and  SERC  Darcsbury  Laboratory,  Darcsbury,  Warrington, 
VA4  4AD,  England. 

A  nuaber  of  quite  different  oodels  have  been  proposed  to 
account  for  the  D  patterns  observed  froa  the  poly  d(A-T). 
poly  d(A-T)  double-helix.  These  aadels  differ  not  only  in 
the  nuaber  of  nucleotide  pairs  per  turn,  but  even  sore 
profoundly  in  the  handedness  of  the  helix.  Ve  have  observed 
better  defined  diffraction  patterns  froa  the  D  conforaation 
than  have  been  reported  hitherto.  Soae  of  this  data  has 
been  recorded  on  conventicnal  soutces  and  soae  on  the 
Daresbury  Synchrotron  Radiation  Source  (SRS)  using  both  fila 
and  tvo-diaensional  eulti-vire  proportional  chaaber. 

D  patterns  have  been  recorded  froa  not  only  the  sediua  salt 
of  poly  d(A-T).pcly  d(A-T)  but  also  the  potassiua,  rubidiua 
and  caesiun  salts.  This  data  is  being  analysed  in  teras  of 
both  right-  and  left-handed  aodels.  To  date  of  the  aodels 
ve  have  built,  a  left-hand  with  8  nucleotide-pairs  per  helix 
pitch  gives  the  best  agreeaent  with  the  observed  diffraction. 
In  addition  to  the  tetragonal  fom  of  the  D  conforaation 
detailed  above  ve  have  observed  a  hexaponal  fora  froa  the 
pocassixa  salt  of  poly  d(A-T).poly  d(A-T).  Ve  have  not 
observed  a  D  pattern  froa  the  lithiua  salt  although  another 
fora,  designated  F,  which  nay  oe  structurally  related  to  D 
has  been  observed. 
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A  PR£SSUR£-JUMP  KINETIC  STUDY  OP  ETHIDIUM  BROMIDE 
BINDING  TO  SYNTHETIC  0NA*S 

R.B.Hacqreqor^Jr. »R.M, Clegg »T.H.jQvln;MPI  biophys. 
Chcnio; Abt .mol .Biol .  :G6ttjlngen«FRG. 

Prcssurc-junp  chemical  relaxation  has  been  used  to 
investigate  the  binding  cf  cthidium  bromide  to  the 
double-stranded  synthetic  polymers  poly  d{G-C)  and 
poly  d(A-T)  in  0.1  M  NaC) ,  10  m  tris,  J  mM  EDTA, 
pH  7.2,  24^c.  The  Ease-palr/dyc  ratio  was“varlcd 
from  1/2  to  45,  no  evidence  of  excluded  site  inter¬ 
actions  were  seen  even  at  the  lowest  ratios.  The 
kinetics  were  followed  by  monitoring  the  fluoresc¬ 
ence  at  wavelengths  >  610  nm,  excitation  was  at 
545  nm.  As  the  concentration  of  poly  d(G-C)  was 
varied  between  0.5  and  45  pM  a  single  relaxation 
was  observed,  t=  20  to  2  nsec.  The  association 
and  dissociation  rates  were  11  uM"*s“‘  and  39  s“*, 
respectively.  Assuming  a  one-step  bimolccular 
mechanism,  ethldiam  bromide  binds  to  poly  d(G-C> 
with  a  reaction  volume  of  AV®*  -8  cm*mol"*.  The 
binding  of  this  dye  with  poly  d(A-T)  was  also  best 
characterized  by  a  single-step  bimolccular  mechan¬ 
ism,  In  this  case,  as  the  DNA  concentration  was 
changed  from  0.5  to  12.5  uM  the  relaxation  time 
decreased  from  30  to  6  msec.  The  rate  constant 
for  the  association  of  the  dye  with  this  polymer 
is  13  the  dissociation  rate  constant 

17  s“^|“and  dV®«  -9  cm®nol“*. 
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OLICOWCLEOTIDES  COVALECTIY  LINKED  TO  INTERCALATING  AGENTS  : 
STRUCTURE  AND  INTERACTIONS  WITH  COMPLEMENTARY  SEQUENCES. 

U.  Asseline*,  M.  Dclarue^,  F.  TouId^*,  M.  Takasugi^, 

C.  Barbicr*,  C.  Lancelot*,  J.J.  Tou1d6^,  T.  Montenav- 
Garcstict^.  N.T.  Thuong*  and  C.  HgUnoS,  Centre  de  Biophy¬ 
sique  Moicculaire,  45045  Orleans  Codex  (*)  and  Biophysique  - 
Museum,  INSER.M  U.20I,  61,  Rue  Buffon,  75005  PARIS,  France($) 

Oligodeoxynucleotides  covalently  linked  to  intercalating 
agents  have  been  synthesized.  They  interact  selectively  vith 
their  cosplctacntary  sequences.  Their  binding  strength  is 
enhanced  as  cospared  vith  the  parent  oligodeoxynucleotide. 

Absorption,  fluorescence  and  nuclear  nagnecic  resonance 
data  will  be  presented  for  bxndxng  to  poly(rA)  and  polyfdA) 
of  otigothyiaidylatcs  covalently  linked  to  an  acridine  deri¬ 
vative.  All  the  results  available  shov  chat  base  pairing 
of  the  oligonucleotide  with  its  cosplenentary  sequence  is 
accoig>3r.icd  by  an  intercalation  of  the  acridine  ring  between 
base  pairs  of  the  duplex  sequence.  The  interaction  depends 
on  the  length  of  the  linker  between  the  acridine  ring  and 
the  oligonucleotide,  and  on  the  attachaent  site  of  the 
acridine  substituent. 

Prclininary  data  indicate  that  these  new  substances 
can  be  used  as  artificial  repressors  to  block  the  trans¬ 
cription  or  the  translation  of  specific  genes. 


057 

OCHDPERATIVE  BINDING  CF  T7  CKA  TOLWmSZ. 

H.Randahl,  F.Katanabc*,  A.Holrrgrcn  and  R.Riglor* 

Dept,  Chemistry,  Karolinska  Institutet,  Stockholm,  Swden. 

*  Dept.  Medical  Physics,  Karolinska  Institutct,  Stoddxjln, 
aJGd^n. 

The  binding  of  T?  DNA  polymerase  to  poly(<iA-dT)  and 
single-  and  double-  stranded  calf  thyms  CtJA  was  studied 
by  means  of  intrinsic  tryptephan  fluoresocnec.  The  nunber 
(n)  of  bases  or  base-pairs  occupied  by  one  T7  ENA  polyme¬ 
rase  rolccule,  the  co-eperative  binding  constant  (K)  and 
the  oo-operatlvG  interaction  between  nearest  neiqJjbours  (q1 
won}  determined  at  various  NaCl  conccntrati<^.  The  method 
used  assumes  co-operative  and  was  according  to  Schwarz  & 
Katanato,  (1983)  J.  Itol.  Biol.  163,  467.  T7  CNA  poljTorase 
showed  co-oporativity  which  was“cnnanced  at  salt  concentra¬ 
tions  up  to  0, 1  H.  At  higher  conocntratlcos  the  co-opera- 
tlvity  of  the  polymerase  was  less  salt  dependent.  The  co¬ 
operative  binding  constant  at  S^C  and  C,C5  M  NaCl  v«is 
4x10^  H  .  It  decreased  by  a  factor  of  six  at  a  salt  oon«n- 
tration  of  0,30  H,  In  a  plot  of  log  K  wrsus  log  NaCl  extra¬ 
polation  of  the  data  to  1  M  NaCl  indicated  that  the  enzytre- 
CNA  interaction  is  of  hydrophobic  nature.  The  nimtxir  of  ion 
pairs  displaced  was  estimate  fren  the  same  plot,  to  be  two. 
TT«o  DNA  polymerase  did  not  show  any  preference  for  cither 
single-  or  double-  stranded  DNA, 
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S  TRICTVRAL  REQUIREMENTS  OF  COVPEA  CKLOr.OTlC  MOTTLE  VIRUS 
RKA  AND  COAT  PROTEIN  IN  CAPSID  MORPHOGENESIS. 

B.J.M.  Verduln.  Departaent  of  Virology,  Agricultural  Uotvor- 
sity,  Blnnonhaven  11,  6709  PO  Vagcolageo,  Tho  Nothorlanda. 

Coapoa  chlorotic  sottle  virua,  a  apharlcal  plait  virua 
of  «hlch  RNA  and  coat  protein  can  be  iaolated  in  a  native 
atato,  ia  uaed  aa  a  podol  ayatoa  for  protein-protein  and 
protoln-RNA  interactiooa,  Uixturea  of  coat  protein  (P20)  and 
protein  lacking  25  N-tominai  aaino  acida  (P17.5>  forned  ho- 
Bogeneoua  26  na  captida  (T«3)  vith  nixed  coapoaitioo  upon 
dialyaia  froa  0.3  M  NaCl  pH  7.5  to  3.0.  All  coapoaltlona  in¬ 
cluding  P20  could  be  precipitated  vith  RNA  Indicating  that 
all  N-teralnal  araa  are  vitbln  reach  of  externally  added  RNA 
In  Blxturea  of  capalds  preforned  at  pU  3.0  froa  either  P20 
(a^o  62S)  or  P17.S  (a^^  ■  43S)  only  capalda  containing 
P26  iere  precipitated.  Further  raaoval  of  N-teraloal  aalno 
acida  (ainua  41,  44  and  33)  reaulted  In  one  band  <M  13,000) 
in  SDS-polyacrylaalde  gela.  Mixturea  of  PIT, 3  and  P13  in 
0.3  M  NaCl  pH  7.3  vith  a  aolar  ratlo<l  foraed  18  aa  capalda 
(T*l)  after  dialyaing  to  pH  3.0.  At  lov  Ionic  atrength  pH 
7.5  P20  interacted  vith  the  ollgonueieotlda  d(ApTp)^ApT 
(double-atranded)  to  fora  nucleoproteln  particlea  reaeablisg 
the  original  virua.  Single  atranded  (Ap)gA  did  not  interact. 
P17.3  and  P15  did  not  interact  vith  any  oligonucleotide  or 
RNA.  Thcae  experiaenta  have  been  coapleted  vith  NMR  atudtva 
(G.  Vriend)  and  Laaer  Raman  apectroacopy  atudiea  (G.J.  Tbo- 
aaaiJr).  All  data  vlll  be  dlacusaed  ia  vlev  of  the  A,  B  and 
C  typea  of  coat  protein  aubunita  obaerved  in  cryatals  of 
alallar  plant  vlruaea. 
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AROMATIC  COMPONENTS  OF  THE  BINDING  SITEOF  A  DNA  SINGLE  STRAND 
BINDING  PROTEIN:  THE  GENE  32  PROTEIN  OF  BACTERIOPHAGE  T4. 

J.R.  Casas-Finet**,  R.V.  Prigodich*,  J.J.  Tou1b€*, R.  Santus*, 
wid  j7e.  Colenan*.  (*)  Laboratoire  dc  Biophysique,  ERA  951  du 
CNRS,  Mus6ua  National  d*H)stoire  Naturelle,  61  rue  Buffon, 
Paris  (FRANCE);  (*)  Dept,  of  Moleculrtr  Biophysics  4  Bioche¬ 
mistry,  Yale  University,  New  Haven,  Conn.(U.S.A.) 

Gene  32  protein  (gp32)  fron  phage  T4  binds  strongly  and 
cooperatively  to  single-strand  nucleic  acids  whereas  It  exhi¬ 
bits  a  low  affinity  for  native  double-stranded  DNA.  This  pro¬ 
tein  is  involved  in  DNA  replication,  reeosbination  and  repaic 
gp  32  is  a  Donoacric  polypoptidic  chain  of  301  aalnoacid  re¬ 
sidues  which  contains  5  Trp,  8  Tyr  and  IS  Phe.  Its  fluores¬ 
cence  is  partially  quenched  in  the  coeplexes  with  single- 
stranded  polynucleotides. 

Tryptophyl  (and  cysteinyl)  residues  of  gp32  esn  be  sel^ 
tively  oxidized  by  Br’  and  (SCN)’  radical-anions  produced  by* 
steady  state  v-radiolysU.  2  Trp  residues  are  readily  oxidi¬ 
zed  in  addition  to  3  SH  groups,  leading  to  a  cooplete  inhibi¬ 
tion  of  the  binding  properties  of  the  gp32;  those  2  Trp  are 
fully  protected  in  the  coDplex  forced  with  denatured  DNA. 

*H  NMR  (500  MHz)  spectra  of  an  active  proteolytic  frag¬ 
ment  of  gp32  and  its  cooplexes  with  oligonucleotides  ol  vary¬ 
ing  length  shov  that  the  proton  resonances  of  at  least  I  Phe, 
I  Trp  and  5  Tyr  shift  upfield  upon  oligonucleotide  binding. 

Ecacking  interactions  between  aroaatic  aainoacide  and 
nucleic  acid  bases  could  explain  these  facts  and  ensure  the 
specificity  of  single-strnd  binding  (SSB)  proteins  for  sin¬ 
gle-stranded  polynucleotides. 


060 

PHOSPHOPEPTIDES  IN  HIGHLY  PURIFIED  CALF  THYMUS  DNA. 

R.S.  Welsh  and  K.  Vyska,  Institute  of  Medicine,  Kernfor- 
schungsanlagc,  5170  JUlich,  F.R.G. 

If  highly  purified  DNA,  isolated  froa  calf  thyaus  nuclei, 
is  reacted  with  chelating  agents,  it  cleaves  into  subunits 
accospanied  by  release  of  phosphopeptides  (PPs).  At  the  end¬ 
point  of  cleavage,  about  one  half  of  the  PPs  rccaain  bound  to 
the  DNA.  In  order  to  study  the  linkage  of  PPs  to  DNA,  calf 
thyms  DNA  was  purified  to  a  ainiaua  protein  content,  treated 
with  ultrasuuitd,  and  then  with  pancreatic  DNAase,  exonuciease 
III,  and  $1  nuclease  (to  hydrolyze  to  the  last  nucleotide 
attached  to  tne  PP).  The  resulting  exatenal  ("nucleotide- 
peptides")  was  fractionated  on  a  Chclcx  coluon  and  then  on 
DEAE  Sephacel.  Froa  this  the  aain  cotsponent  was  hydrolyzed 
vith  Proteinaso  K  and  briefly  vith  Pronase.  Aaino  acid  ana¬ 
lysis  of  the  hydrolysate  revealed  the  presence  of  phospho- 
ser,  asp,  glu,  ser,  gly,  ala  plus  3  components  appearing 
after  The  resulting  mixture  was  fractionated  again 
on  DEAE  Sephacel.  and  the  main  coaponent  obtained  was 
fractionated  according  to  aaino  acid  analysis,  to  col¬ 
lect  the  3  unknown  coaponents  ("nucleotide-aaino  acids"). 

By  hydrolysis  vith  6N  HCl  or  vith  snake  venoo  diesterase 
and  analysis,  these  were  found  to  contain  mainly  phospho- 
ser  and  a  nucleotide,  plus  soae  glu  and  gly.  Froa  this  it 
vas  concluded  that  Che  covalently  bound  peptide  contained 
phosphoser,  asp,  ser,  glu,  gly,  ala  and  that  phosphoser, 
glu,  and  gly  were  terainal. 
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THE  lOCATIOHS  Of  5  PROTEINS  WITHIN  THE  SOS  RIBOSOHAl.  SUBUNIT 
Of  F.  con.  DETERMINED  BY  SMALL  ANGLE  NEUTRON  SCAHERING 
M.S.  Cape  I .  M.  KJeldgaard,  V.R.  Rasakrishnan,  O.H.  Engelnan 
I  PJB.  Moore,  Dept.  Molecular  Biophysics  &  Blochealstry, 

Dept.  Chealstry,  Yale  University,  New  Haven,  Connecticut, 
U.S.A. 

The  position  of  the  centers  of  sass  of  S14,S16,SI7,SI8 
and  S20  within  the  col  I  30S  rtboscnal  subunit  has  been 
detemlned,  In  solution,  by  seal  I  ang'e  neutron  scattering. 
Combined  with  prior  data  front  this  laboratory,  the  relative 
configuration  of  17  of  the  21  proteins  of  the  30S  subunit 
has  been  specified.  The  eap  of  centroids  was  constructed 
from  a  set  of  77  Interprotein  distance  taeasureeents  via 
least  squares  refined  trlangulatlon.  In  situ  radii  of  gyr¬ 
ation  and  distances  between  deuterated  pairs  of  proteins 
(In  an  otherwise  protonated  reconstituted  subunit)  were  de¬ 
rived  frott  the  second  ncrsent  of>^he  cord  distribution  of  the 
deuterated  pair,  and  the  parallel  axis  theoretn.  Cord  dis¬ 
tribution  functions  were  obtained  by  the  conventional  lalxed 
difference  inethod.  The  nap  of  centroids  Is  consistent  with 
chenlcal  crossl Inking  data,  Inierprotein  Forster  fluore¬ 
scence  energy  transfer  eeasureMnts  and  the  locations  of 
surface-exposed  antigenic  detemlnants  of  rlbosonal  proteins 
deduced  front  electron  olcroscopy.  Spatial  proximities  with¬ 
in  the  eap  correlate  with  established  cooperatlvltles  be¬ 
tween  ribosonal  proteins  that  occur  In  the  process  of  In 
vitro  30S  subunit  assembly.  The  centroid  oap  also  serves 
as  a  referent  for  discrininating  between  eodels  of  16S  rRNA 
tertiary  structure  and  tRNA-rlbosooe  Interactions. 

063 

Two-dioenslonal  NMR  study  of  the  X  phage  03 
operator.  ^ 

X.D.Hahn^,  F«Buck*,  H. RQter jans*,  B-K. Chernov^, 
K.G.Skryabin  ,  and  M.R.Klrpichnlkov 

Institute  of  Biophysical  Chcaia»-ry,  University  of 
Frankfurt,  FRO,  and  Institute  of  Moleculur  Biolo¬ 
gy,  USSR  Acadeay  of  Sciences  Moscow,  USSR 

The  solution  structure  of  the  IT-base-pair  opera¬ 
tor  0^3,  which  is  the  aost  preferential  binding 
site  tor  Cro  repressor  of  phage  X,  was  studied  by 
two-dinensionai  NMR  spectroscopy,  Two-diaensional 
nuclear  Overhauser  enhanccnont  (NOE)  and  hoaonu- 
clear  scalar  coupling  shift-correlated  techniques 
aadc  it  possible  to  assign  the  resonances  froa  the 
purine  H-d,  the  pyrialdlne  H-6  and  K-S,  the  thyei- 
dlne  aothyl  protons  and  aany  of  the  H-l*,  H-2*  and 
H-2*  sugar  protons  to  specific  nucleotides  in  the 
double  helix.  The  pattern  of  the  observed  NOE  con¬ 
nectivities  is  consistent  with  B-fora  DNA.  The  base 
and  sugar  proton  assignaents  provide  the  necessary 
Inforaatlon  for  further  studies  of  tho  interaction 
of  the-Oj^3  operator  with  Cro  repressor. 
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THERHOOVNAmc  AND  HECIIAHISTIC  STUDIES  OF  THE  INTERACTIONS 
OF  RNA  POLYMERASE  HITH  THE  XPn  PROMOTER  J.-H.  Roe  and  H.  T. 
Record,  Jr.,  Oepts.  of  Chenlslry  and  Biocheolstry,  Unverslty 
of  Wisconsin,  Madison,  Wisconsin,  USA.  53706 

Interactions  of  the  cationic  bindinu  sites  of  proteins 
with  the  O'lA  polyanion  behave  at  a  ther^ynanic  level  like 
ion  exchange  reactions  (Record,  lohnan,  and  deHaseth,  J. 

Hol.  Biol.  (1976)  107,  IdS-lSS),  Consequently  both  the 
equilibria  and  kinetics  of  these  interactions  are  sensitive 
functions  of  the  ionic  environment.  We  have  used  this  effect 
to  probe  the  theraodynaoics  and  r«hanlsn  of  the  interaction 

Lk  ?5ii  polymerase  with  the  LPq  promoter,  using  the 
nltroccillulose  filter  assay.  We  find  that  approximately  20 
monovalent  ions  are  released  in  the  formation  of  the  tran- 
scriptionally-competent  open  complex  at  this  promoter,  and 
that  the  entroptc  contribution  from  release  of  these  ions  is 
the  dominant  thermodynanic  driving  force  for  complex  forsna- 
tion  under  approximately  physiological  Ionic  conditions 
(Keg  =  2.6  X  10“  H'  at  25bC,  pH  7.5,  0.20  H  Had).  At 
least  two  intermediates  must  exist  on  the  pathway  between 
the  Initial  collision  complex  and  the  open  complex,  as 
determined  from  the  magnitude  of  the  salt-dependence  of 
the  overall  second-order  association  rate  constant  and  the 
negative  activation  energy  of  the  overall  first  order 
dissociation  reaction.  The  rate  constants  for  the  inter- 
conversions  of  these  two  intermediates  have  been  accurately 
determined  only  at  lower  temperatures  (ltf’-20®C).  from  the 
salt-  and  temperature-dependences  of  these  rate  constants. 

It  appears  that  the  Interconverslon  of  the  Intermediates 
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PHYSICOCHEMICAL  STUDIES  ON  THE  ASSOCIATION  BETWEEN  E.  COLI 
RNA  POLYMERASE  AND  THE  TET  PROMOTER  OF  pBR322.  EFFECT  OF  ONA 
UNWINDING  ON  THE  FREE  ENERGIE  OF  THE  INTERACTION. 

E.  Bertrand.  H.  Schnarr,  J.F.  LefSvre  and  H.  Daune,  Institut 
de  HToTogTe  Kol^culaire  et  Cellulaire,  Laboratoire  de  Biophy- 
sique,  15,  rue  Ren§  Descartes,  Strasbourg,  France. 

Two  different  approaches  were  used  to  study  the  Initia¬ 
tion  of  transcription  by  E.  coli  RNA  polymerase  of  the  tet 
promoter  carried  by  supercoiled  or  linearized  pBR322. 

1)  Following  topoisoeerase  Induced  unwinding  and  separation 
by  agarose  gel  electrophoresis,  the  specific  binding  of  RNA 
polymerase  to  the  tet  promoter  in  160  cM  salt,  was  shown  to 
lead  to  the  release  of  approximately  one  more  negative  super¬ 
turn  at  37^C  with  pBR322  than  with  a  plasmid  (pBREB3)  from 
t^hfeh  the  tet  promoter  had  been  deleted. 

2)  Taking  advantage  of  the  abortive  initiation  isethod  and  of 
a  fluorescent  probe  (UTP  y  ANS),  the  initiation  reaction  could 
be  followed  as  a  function  of  tir«,  the  two  parameters  Kb 
(equilibrium  constant  of  association)  and  k2  (isomerization 
rate  constant)  were  determined  for  different  temperatures.  The 
unspecific  initiation  was  negligible  in  the  case  of  pBRE63. 
When  interpreted  within  the  context  of  the  classical  scheme 
of  Mac  Clure,  polymerase  binding  to  the  promoter  appears  to 
be  stronger  at  37^C  in  the  case  of  linearized  DNA  than  with 
bne  that  is  supercoiled. 

Further  the  interpretation  of  these  results  requires  a  more 
elaborate  model,  that  takes  account  of  the  energy  of  super- 
coiling. 

064 

TYROSINE  FLUORESCENCE  OF  HISTONE  AND  H^-  DNA  COMPLEXES 
C.Cunifaerti .F.Pioli.B.Cavazza.E.Patrone.V.Trefiletti.  Centro 
Studi  Kacromolecole  Sintetiche  e  Natural i , CNR, University  di 
Genova ,Genova , I tal ia . 

Tyrosine  fluorescence  has  been  used  to  study  the  folding* 
unfolding  equilibrium  of  free  calf-thyaus  histone  H.  and  its 
binding  to  DNA. Histone  H^when  acid  extracted  from  chroenatin, 
is  devoid  of  structure. Secondary  and  tertiary  structuration 
induced  in  a  central  core  of  about  80  residues  on  increasing 
the  pH  or  on  addition  of  salt  is  accompanied  by  an  increase 
of  the  fluorescence  quantum  yield  of  the  single  tyrosine  pre¬ 
sent  in  this  region. The  stabilit>  of  the  folded  conformations 
towards  thermal  and  chemical  unfolding  has  been  monitored  by 
fluorescence. The  binding  of  H,to  DNA  at  neutral  pH,20^C  and 
starting  from  different  degree  of  structuration  (0-1  H  NaCl) 
has  been  studied  by  coupling  light  scattering  to  fluorescen¬ 
ce  measurements.  Different  binding  mechanisms  may  be  sugges¬ 
ted  at  0  H  NaCI  and  around  physiological  ionic  strength. Bin¬ 
ding  to  the  DNA  helix  with  folding  of  the  protein  core  and 
the  tyrosine  out  of  contact  with  ONA  occurs  at  low  salt.Hi- 
nimum  interaction  Is  established  around  30-50  mH. At  higher 
ionic  strength  the  histone  seems  simply  to  work  as  a  bridge 
between  different  DNA  chains. 
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DMA  TRIS-INTERCAUTION  i  QUASI  IRREVERSIBLE  BINDING  OF 
ACRIDINE^  TR2HER.  P.  LaugSa.  J»  Harkovlts  ,  D.  Caugaln,  J.D. 
Lo  Fecq  and  B.P.  Roquoa.  D^parteaent  do  Chlnle  Organique. 
UniU  26^6  INSERM  et  ERA  $13  CNRS,  PacultO  de  Pharaaole,  75006 
PARIS.  Laboratoire  do  Physlcochtnle  MaoroDoldcuIatre.  LA 
1^7  CNRS,  Institut  Cuslave  Rouss/,  9^800  VILIBJUXP, 

A  trlaer  aadc  up  of  3  acridine  chroaophoros  (AcTrt) 
linked  by  a  oha'’ged  aalno-alkyl  chain  was  designed  as  a 
potential  trls-lntercalatlng  agent.  The  length  of  the  linking 
chain  was  selected  to  allow  trls-intercalatlon  according  to 
the  excluded  site  model. 

DNA  trls-lntercalatlon  of  the  dye  at  low  dye/baso  pair 
ratio  was  shown  by  aeasureaents  of  both  the  unwinding  angle 
of  closed  circular  DNA  and  the  lengthening  of  sonicated  rod 
like  DVA. 

AcTrl  exhibits  a  high  affinity  (Kap  -  lO'^M  \  1.5  H  Na*) 
for  poly-d(A-T)  as  t.iown  by  cospetltlon  experiments  with 
ethldiUB  diser.  Kinetic  studies  of  both  the  association  with 
poly-d(A-T)  and  the  exchange  between  poly-d(A-T)  and 
sonicated  calf  thyaus  DNA  have  beep  perforned  as  a  function 
of  the  Ionic  strength.  In  0.5  M  Na  the  on  rate  constant  (k^ 
-  2.1  I0TM"*s"^)  are  similar  to  those  reported  for  other  mono 
or  dlacrtdlnes,  wheri^as  the  off  rate  constants  are  much 
smaller  (k.^  •  6.5  10*  s“'),  leading  to  binding  constants  as 
large  as  Kap  •  3»10’‘^K’\  According  to  Record  the  plot  of  log 
(ky/k.)  )  as  a  funvtion  of  logiKa^)  yielded  a  straight  lino 
with  a  slope  of  5  (l.e.  5.7  Interacting  charges  out  of  I 
potential),  froa  which  a  Kap  value  of  In  0.1  H  Na 

can  be  computed.  Such  a  value  reaches  and  even  goes  beyond 
DNA  affinity  of  regulatory  proteins. 
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Calculaticfl  of  Electrostatic  Orientation 
and  Docking  Between  CKA  Binding  Proteins  and  S'CHA 

JafTct  B.  Matthew  and  Douglas  Chlcodorf 

Cenex  Corporation,  Sclofica  and  Tedwjlogy  Center,  IfCGO  Inck^trial  &rlw» 
Gaithersburg,  Maryland  20877  USA 

Various  studies  have  shown  that  the  bindii^  of  CMA  blndit^  proteins 
with  CNi\  Is  oedlated  by  Icnic  inieraaions.  Here  we  describe  a  corpou- 
tlcnal  stuc^  In  vhlch  wc  exardne  the  role  of  electrostatic  Interactions 
in  the  foiraiioo  of  the  protcin-^XiA  corplex.  To  assess  the  rote  of  the 
ccrplcnentary  Ionic  Interactions  we  hive  corputed  ih«  charge  in  electro¬ 
static  free  energy  diriog  association  assuaing  a  sinplest  case  trajectory 
vhsre  there  Is  no  relative  rotatlcnal  reorientation  of  the  ooleoiles. 
The  algorlthn  Is  an  extension  of  the  solvent  accessibility  discrete 
charge  eodel*.  The  use  of  the  solvent  accessibility  factor  In  rcAiclrg 
diarge-site  Interactiorts  introdtees  a  hi^r  coulcrbic  shielding.  Ihls 
scrcenit^  can  Ic  Interpreted  as  a  hl^  local  icnic  strength  or  altemiuly 
a  hl^r  effective  dielectric  constant.  The  coeputed  cocrplcocntaty 
electrostatic  potential  surfaces  will  be  presented  as  a  function  of 
separation  distance.  At  all  Ionic  strergths  the  di^laccrxnt  of  boind 
sodiun  freret  the  DMA  einor  groerve  plays  an  Irportant  role  in  detenaintng 
the  electrostatic  energy  of  protelr>.£MA  association.  The  role  of  this 
ccuuerion  redistribution  In  deforcing  the  CMA  will  be  discussed. 

<Mitthw,  J.B.  andRidiards,  F.M.  (1982  )  8iodx!a2l,  498^999. 
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IREGUIATIOH  OF  OKA  RFPLICATIOM  ANO  THE  dnaA  PROTEIN  OF 
£.  coli  H.I.  Eberle,  W.  Van  <te  Herve,*!^  StiUoan, 

F.  anTTmtanpo,  Oept.  Rad.  Biol,  and  Biophys., 

Univ.  Rochester,  NY  14642 

The  dnaA  protein  is  required  for  the  initiation  of  ONA 
replicat*ToH  in  E.  coli.  Genetic  and  biocheaical  evidence 
suggests  that  iT  interacts  with  the  origin  of  chrooosonal 
replication  (oriC).  Other  genetic  evidence  suggests  that 
draA  protein  TTso  interacts  with  the  0  subunit  of  RKA 
poTyoerase  and  oay  be  involved  in  the  synthesis  of  the 
priper  needed  for  initiation  at  oriC.  The  recent  discovery 
of  binding  sequences  for  dnaA  prTOin  at  oriC,  as  well  as 
between  promoters  Pi  and  PJ^of  the  dnaA  gene  suggest 
that  the  dnaA  protein  may  regulate  TH  own  synthesis,  as 
well  as  function  with  RKA  polymerase  to  allow  primer 
formation  at  oriC.  Our  laboratory  has  isolated  a  mutant, 
called  PRl,  wfH^  overproduces  the  dnaA  protein.  The  PRl 
mutation  raps  in  the  dnaA  region  ortiie  chronosooe. 
Transcriptional  studies  reveal  that  there  are  three  times 
as  many  transcripts  of  the  dnaA  dnaN  region  in  PRi  as  are 
present  in  C600,  a  normal  wlTd  type  draA^  strain.  In 
order  to  determine  whether  the  PRO  muEation  has  resulted 
In  faulty  self-regulation  by  dr»A  protein,  the  location  of 
the  PRl  mutation  within  the  region,  is  being  more 
precisely  determined  and  the  expression  of  the  laeZ  gene, 
cloned  behind  a  proraoter  with  the  dnaA  protein  TOding 
sequence,  is  being  examined  in  PRl  and  wild  type  drvaA^ 
cells. 


071 

STRUCTURE  AND  DYNAMICS  OF  OLIGOPEPTIDE  -  NUCLEIC  ACID  COM¬ 
PLEXES. 

J.  Fidy^,  H.  Takasugi  and  T.  Montenay-CarestUr,  Labora- 
tolte  de  Blophyalque,  INSERH  U.20i,  KusCibb  National  d'Hls** 
toire  Naturolle,  61  Rue  Buffon,  F-7S00S  PARIS  (France), 
^Institute  of  Biophysics  -  Sesoelvcis  Medical  University 
BUDAPEST  (Hongrie). 

Static  and  dynaaie  fluorescence  experiments  provided 
information  on  the  structure  of  cosplexes  formed  between 
tetrapoptides  containing  a  tryptophan  residue  and  nucleic 
acids.  Analysis  of  fluorescence  decays  of  the  free  and  the 
coeplexed  peptide  showed  that  two  conformers  of  the  peptide 
bind  to  nucleic  acids,  each  giving  a  fluorescent  coc^lexCX) 
and  a  quenched  cooplex(ll).  The  equilibrium  between  the  po¬ 
pulations  of  the  two  peptide  conformers  is  shifted  upon  bin¬ 
ding.  Dynamic  quenching  by  acrylamide  of  the  free  peptide 
and  of  the  fluorescent  coaplex(l)  allowed  us  to  compare 
tryptophan  accessibility  and  mobility  in  the  fluorescent 
species.  The  quenching  rate  constant  and  the  rotational  cor¬ 
relation  time  were  measured.  In  coeplexes(l) ,  the  tryptophan 
residue  Is  fully  accessible  and  its  mobility  is  almost  not 
restricted  indicating  no  interaction  between  the  Indole 
ring  and  the  nucleic  acid  bases.  In  cooplexes(Xl) ,  the  fluo¬ 
rescence  of  the  tryptophan  residue  is  completely  quenched. 
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LAC  OPERATOR  DNA:  CORRELATION  OF  IMINO  PROTON  EXCHANGE  RATE 
WITH  FUNCTION,  S.  Cheung,  K.  Arndt,  and  P.  Lu,  Department 
of  Chemistry,  University  of  Pennsylvania,  Philadelphia,  PA, 
USA. 

The  Imino  protons  of  the  double  helical  DNA  sequence 
containing  the  lactose  operon  operator  has  been  examined 
by  NMR.  The  intensities  of  the  imino  proton  resonances  as 
a  function  of  increasing  temperature  indicate  that  a  DNA 
fragment  containing  the  operator  not  only  melts  sequentially 
from  the  ends,  but  also  from  a  region  inside  the  lac  opera¬ 
tor,  i.e.  at  position  6  in: 

-5  1  5  10  15  20  25 


5 •-ccacaTGTCGAATTCTGACCGGATAACAATTTgtgg-S • 
ggtgtACACCTTAACACTCCCCTAnCTTAAAcacc 

'  I  ■—  - - ( 


In  order  to  examine  this  phenomenon  in  detail,  we  have  syn¬ 
thesized  3  sections  of  the  sequence  as  indicated.  At  temp¬ 
eratures  where  proton  exchange  dominates  the  relaxation 
rate,  it  is  clear  that  the  melting  effects  seen  at  position 
6  are  reflected  in  the  higher  exchange  rates  at  the  CC  neigh¬ 
bors,  5  and  7.  Changes  in  this  three  bate  pair  region,  from 
5  to  7,  results  in  operator  constitutive  tsutatlons. 

This  CTC/CAC  triplet  occurs  in  a  number  of  DNA  sites 
that  specifically  interact  with  proteins  in  prokaryotic 
and  eukaryotic  systems.  (Supported  by  grants  from  the  NIH) 
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HYDRODYNAMICAL  SWDY  OF  ARTEMI  A  RIBOSOMAL  RNAS. 

K.  DonceeX,  p,  Nleuwenhuysen  and  J.  Claiyaert,  Department  of 
Biochemistry,  Antwerp  Itnlversity,  2610  Antwerpen,  Belgium. 

The  conformation  and  structure  of  the  small  and  large 
rlbosomal  subunits,  as  well  as  their  interaction,  is  in¬ 
fluenced  by  the  conformation,  structure  and  intcractlcn  of 
the  rlbosomal  IC^As.  Therefore,  wo  have  followed  up  a  study 
of  the  physical  properties  of  eukaryotic  rlbosomal  particles 
with  a  study  of  the  size  and  conformation  of  their  RNAs  free 
in  solution.  Information  about  the  structure  of  the  rRNAs 
was  obtained  by  measuring  their  sedimentation  coefficient  at 
Mg2*  concentrations  freo  0  to  15  r-M,  In  the  presence  of  lOOmM 
*:*■?  this  K*  concentration  turned  out  to  o©  optimal  to  avoid 
aggregation.  The  diffusion  coefficient  has  also  been  measured 
by  photon  correlation  spectroscopy  in  fewer  well-defined  con¬ 
ditions,  to  confirm  the  sedimentation  data. 

For  the  R)A  of  the  small  subunit,  the  sedimentation  coeffi¬ 
cient  Increased  drastically  in  a  narrow  range  freo  0  to  1  mM 
corresponding  to  a  decrease  of  the  hydrodynamic  radius 
^  from  moro  than  70  nm  to  12  nm.  This  reflects  a  drastic 
coB^acting  of  the  tertiary  and  secondary  structure  of  the 
INA  chain.  For  the  large  rFNA  of  the  large  subunit,  the 
hydrodynamic  parameters  depend  much  less  heavily  on  the  Mg^*' 
concentration  i  changes  from  20  nm  in  the  absence  of  Mg^*^ 
to  14  nm  at  15  cm  Hg^^. 

The  distinct  difference  in  the  hydrodynamic  behaviour  of  the 
two  RNAs  must  be  related  to  a  different  secondary  interactlor 
pattern,  particularly  for  the  ends  of  the  RNA  chains. 


072 

TON-SPECIFIC  AND  SPECIFIC  BINDING  OF  THE  LEX  A  REPRESSOR  : 

CIRCULAR  OICHP.OISH  AND  GEL  ELECTROPHORESIS  MEASUREMENTS 
H.  Schnarr,  H.  Granger-Schnarr  and  H.  Daune,  Instltut  de  Blo- 
logie  MolfcuTaIre  et  Cellulalrc,  Laboratoire  de  Blophysique, 

15,  rue  Rene  Descartes.  Strasbourg,  France. 

The  Lex  A  repressor  of  E.  coH  plays  a  central  role  in  ; 

the  regulation  of  the  so-called  SOS  systeo,  controlling  the 
transcription  of  at  least  fifteen  different  SOS  genes.  Here  ^ 

we  poesent  results  on  the  non-specific  and  specific  interac-  j 

tions  of  the  Lex  A  protein  with  poly  ld(A-T)|  and  a  recA  ope-  ' 

rator  containing  ONA  fraguent.  Using  circular  dlchroiso  spec¬ 
troscopy  we  find  that  the  interaction  with  poly  |d(A-T)|  Is  ’ 

co-operative  and  rather  resistant  to  ionic  strength,  indica-  \ 

ting  an  Ipportant  non-electrostatic  energy  contribution,  that  i 
Right  arise  froa  protein-protein  contacts.  The  confonaatlonal 
change  of  the  DNA  as  revealed  by  the  circular  dichrolsn  spec¬ 
tra  is  very  siaiTar,  If  not  Identical  to  that  observed  for  i 

the  Interaction  of  lac  repressor  with  non-operator  DNA.  The  i 

specific  Interaction  of  lex  A  with  the  operator  of  the  recA  i 

gene  has  been  studied  by  gel  electrophoresis.  At  low  Lex  A  i 

concentrations  (<  10"’  H)  a  single  band  due  to  specific  bln-  j 

ding  Is  observed.  At  nore  elevated  concentrations  an  addltlo-  I 

nal  band  appears,  representing  probably  the  co-operatively  | 

saturated  non-specific  copplex.  ! 

) 
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PREDlCtlON  OP  PROTEIN  OODINO  REGIONS  IN  DNA  SEQUENCES  BT 
DISCRININANT  ANALYSIS.  K.N«V«ta.  M.KAnehisa  and  C.DcLlal, 
Laboratory  of  Macheaatical  Biology^  KCI,  NIH,  Bothesda* 
Maryland,  U.S.A* 

Protein  coding  regions  and  their  boundaries  are  known 
to  exhibit  significant  patterns  In  I^A  sequences;  such  as 
consensus  sequences  of  proaoters  and  splice  junctions,  and 
the  periodic  appearance  of  specific  bases  reflecting  the 
non~rsndoa  usage  of  degenerate  codons.  One  approach  to 
detect  such  patterns  Is  the  "perceptron"  algorltha.  It  can 
usually  achieve  ICOl!  of  diserlalnatlon  between  correct  and 
Incorrect  aeabers  after  a  learning  procedure.  However,  Its 
usefulness  Is  Halted  when  predicting  unknown  sesuences, 
l.e.  seouences  not  Included  In  the  learning  procedure.  We 
have  developed  a  aore  general  nethod,  based  cn  dlscrlslnant 
analysis,  to  Incorporate  various  features  and  to  sake  better 
predictions.  By  this  approach  we  can,  for  exaaple,  cooblne. 
In  a  natural  way,  the  values  for  the  perceptron  catrlces 
reflecting  consensus  sequence  patterns  at  the  boundaries, 
and  the  base  cosposltion  and  periodicity. 

We  have  applied  this  cethod  to  distinguish  initiation 
sites,  teralnatlon  sites,  exon/lntron  and  Intron/cxon 
boundaries  froa  aerel/  fortuitous  sequences,  using  the 
GenBank  database.  Th\  ^oablnatlon  of  the  perceptron  and  the 
base  cosposltion  and  p  •iodlclty  was  shown  to  be  powerful 
for  the  prediction  of  the  allocation  of  unknown  sequences. 


075 

CYCLIC  AMP  RECEPTOR  PROTEIN  -  RNA  POLYMERASE  INTERACTIONS 
H.  Pinkney  and  J.  G.  Hoggett,  Oepartnent  of  Biology, 
University  of  York,  Kesifngton,  York,  U.K. 

The  Cyclic  AMP  Receptor  Protein  (CRP)  of  E.coli  is  a 
pleiotropic  gene  activator  which  acts,  together  wTEfT  its 
allosteric  effector  c-AKP,  to  produce  a  stifwlation  of  the 
rate  of  initiation  of  gene  transcription.  It  has  been 
suggested  that  the  nechanistic  basis  for  CRP  action  might  be 
direct  interaction  between  CRP  and  RNA  polymerase. 

fluorescence  polarization  studies  have  been  used  to 
demonstrate  and  characterize  interactions  between  fluorescein 
labelled  CRP  (F«CRP)  and  native  RNA  polymerase.  The  results 
obtained  show  that"  under  quasi-physiological  conditions, 
F-CRP  binds  RNA  polymerase  holoenzyme  In  a  c-AKP  dependent 
manner;  :ne  dissociatiog  constant  in  the  presence  of  c-AKP 
beirg  about  4.0  nmol  dn*^.  Competition  experiments  suggest 
that  binding  between  holoenzyme  and  native  CRP  is  somewhat 
tighter  and  a  tentative  estimate  for  the  dissociation 
constant  of  0.7  ynol  dffl*3  has  been  eade. 

Interactions  between  F-CRP  and  RNA  polymerase  core 
enzyme,  which  lacks  the  sigma  subunit  known  to  be  io^ortant 
in  promoter  selection,  appear  to  be  c-AKP  independent  but 
are  dependent  upon  ionic  strength  to  the  extent  that  they 
are  probably  negligible  under  physiological  conditions. 

Analytical  uUracentrifugation  studies  have  shown  that 
CRP  binds  to  monomeric  rather  than  dimeric  RNA  polymerase. 


077 

THE  STRUCTURAL  ROUE  OF  THE  RIB050MAL  RNA  OF  THE  SMALL 
SUBUNIT  OF  THE  E.  coll  RIBOSOME  BY  DARK  FIELD  E.M. 

A.P.  Korn,  D.  ElsonondP.  Spitnik*EI(on,  Biochemistry  Deportment, 
Weianorm  Institute  of  Science,  Rehovot  76100,  Isroel. 

We  hove  been  Investigating  ribosome  structure  by  dark  field  EM 
because  of  its  high  sensitivity  and  resolution.  The  small  subunit  con¬ 
sists  of  0  contcol  body  bearing  a  ^hcad"  and  "coAor".  Treatment  with 
uronyl  acetate  stains  the  collar  os  well  os  two  additioral  parallel  bands 
below  it,  Exominolion  of  o  fragment,  which  lacks  a  double -stranded 
section  at  the  3'  end  of  the  rRNA  (domain  IV)  demonstrated  that  the 
collor  wos  missing  and  that  no  staining  occurred  here.  Thus,  we  1) 
hove  identified  the  collar  os  being  domain  IV  and  2)  suggest  that  the 
two  other  stained  bonds  ore  also  external  double-stranded  rRNA.  Ebc* 
Iron  spectroscopic  imaging,  o  technique  thot  selectively  imoges  the 
element-specific  Information  in  the  Inelastic  electrons,  allows  o  study 
of  the  pho^horvs,  ond  therefore  the  nucleic  acid  distribution  in  Intact 
subunits.  It  was  observed  that  the  RNA  is  concentrated  towards  the 
centre,  with  some  slgnol  oppcorlng  towords  the  surfoce  in  those  regions 
which  were  shown  to  be  extemol  by  uronyl  acetate  stoining.  We 
compered  these  results  to  protein-free  RNA.  In  the  presence  of  sperm? 
dine,  shopes  were  remorkobly  simllor  to  the  30S  subunit  though  some¬ 
what  elor>g<ited.  In  the  obsenee  of  spermidine,  further  elongation  to 
obout  300  ^  occurred.  In  conclusion,  it  would  seem  that  the  rRNA 
serves  os  o  "skeleton*  to  the  ribosome,  and  that  the  RNA  oireody  has 
the  potentiol  for  a  large  degree  of  folding  but  final  compaction  is 
effected  by  the  ribosomal  proteins  but  con  be  simulated  in  port  by 
soermidine. 


074 

HIGH  RESOLUTION  ELECTRON  DIFFRACTION  OF  tRNA  CRYSTALS  AND 
THEIR  SUBSTANTIAL  STABILITY  TO  ELECTRON  IRRADIATION 
Y.  Fuiiyoshi.  Inst,  for  Chemical  Res.,  Kyoto  Univ.,  Uji, 
Kyoio-fu,  k.  Korikawa  and  H.  Yamagishi,  Dept,  of  Biophysics, 
Faculty  of  Sci.,  Kyoto  Univ.  Kyoto  Japan 

The  crystals  of  yeast  tRNA*^*  have  been  subjected  to 
electron  microscopy  using  negative  staining,  glucose  errbed- 
ding  technique  and  frozen  hydrated  specimen  technique  as 
representative  of  various  polynucleotide  crystals.  The 
dimensions  of  the  stained  crystals  were  estimated  at  a°54t1A, 
ba33.5to.SA  and  c>63.5i0.5A.  They  are  close  to  those  of  the 
unit  cell  dimensions  of  native  crystal  detemined  by  X-ray 
diffractions.  The  comparison  between  the  obtained  images  aid 
those  sleulated  from  the  drawing  of  the  molecular  model  leads 
to  the  conclusion  that  the  observed  images  represent  the  rea'. 
molecular  arrangements  within  the  crystal  lattice.  Some  parts 
within  the  unit  cell  seem  to  obstruct  the  penetration  of 
uranyl  ion  into  the  internal,  and  this  appears  to  give  some¬ 
what  modified  images  of  the^lecules.  Electron  diffraction 
patterns  with  a  resolution  better  than  4A  were  obtained  from 
a  glucose  embedded  crystal  and  also  frozen  crystals.  The 
fading  of  diffraction  intensities  by  electron  irradiation 
were  measured  for  the  Bragg  reflections  3.4A(14  5  0)  of  the 
glucose  embedded  crystal  and  frozen  hydrated  one  at  about  300 
K  and  about  13K  respectively.  Their  critical  dose  are  3.7 
o/A*  and  42  e/A*  respectively.  These  esasurements  of  radia¬ 
tion  damage  rate  indicates  7  and  84  times,  respectively,  less 
susceptibility  to  electron  exposures  than  that  of  protein 
crystals  ec^edded  in  glucose  at  room  temperature. 


076 

SPECIFIC  RECOGNITION  AND  MECHANISM  OF  DMA  CLEAVAGE 
OF  THE  TYPE  II  RESTRICTION  ENZYMES  HqlAI  and  TaqI. 
J.A.  Llttlcchild  -  Dept,  of  Biochemistry, 

University  of  Bristol,  Bristol,  U.K. 

The  HqiAI  enzyme  from  Herpetosiphon  gigantcus 
recognises  a  degenerate  hcxameric  site  gJgc^C 
in  which  cither  the  second  or  the  fifth  position 
can  bo  an  adenine  or  a  thymine  residue.  The 
mechanism  of  cleavage  of  the  enzyme  has  been 
studied  using,  supcrcoilcd  DNA  (pA03(mlnl  ColEI) 
and  fd)  with  either  a  single  palindromic  or  non- 
paliudrcmic  rccogniCion  site.  Agarose  gel 
electrophoresis  is  used  to  separate  the  super- 
coiled,  open  circle  and  linear  DNA  products. 
Differences  in  mechanism  arc  observed  between  two 
sites  under  conditions  of  low  Mg**  and  pH  B»$. 

Tho  enzyme  TaqI  has  been  isolated  from  the  thermo¬ 
philic  bacterium  Thormus  aquaticus  and  it  recog¬ 
nises  and  cleave s  w £t}t in  the  totramcric  site 
T^COA.  Similar  studies  with  a  DNA  molecule  with 
one  recognition  site  (SV-40)  have  been  used  to 
study  tho  enzyme  mechanism.  The  importance  of 
sequences  outside  tho  recognition  site  lead  to 
tho  conclusion  that  AT  rich  sequences  result  in 
more  rapid  cleavage  than  GC.  Enzyme  inhibition, 
by  mcthylation  at  tho  N6  of  adenine  by  E.coli  dan 
mcthylasc  can  be  overcome  by  substituting  Mn’* 
for  Mg**  In  the  reaction  mixture. 

Doth  enzymes  have  been  purified  to  homogeno- 
ity  and  appear  to  be  dimers. _ 

078  ORAL  PRESENTATION 

STVWES  OS  THE  INTERACTION  OF  THE  CYCLIC  AMP  RECIPTOR  PROTEIN 
(CAP)  AND  RtSOLVASE  WITH  PSA.  S.S.  Abdel-Mcguid,^  I.T.Vebcr,* 
P.  Drost/  N.D.F.  Grindley.'*’  H.M.K,  Mucthy,^  T.A.  Stclix.*’ 
M.R.  Sanderson,*  J.A.  Rice*  and  D.M.  Crother?.*  Pcf^artmencs 
of  (Molecular  Biophysics  and  Blochcnlstrv)*’  and  CheaUtrv,* 
Yale  University,  Nev  Haven,  Connecticut. 

Tvo  DNA  binding  proteins  and  their  respective  DNA  bind¬ 
ing  sites  arc  being  studied  using  X-ray  crystallographic  and 
solution  techniques  Ir.  order  to  understand  protein-DNA  Inter¬ 
actions  at  a  Bolccular  level. 

The  cyclic  AMT  receptor  protein  CAP  (M.W.  45,000  D.),  Is 
being  studied  in  conplexes  vith  DNA  oligocers  froa  the  lac 
site.  Tho  X-rav  crystal  structure  of  CAP  is  known  froa 
previous  work  in  this  group'. 

Resolvase  (M.W,  20,500  D.),  the  gene  product  of  the  t.iipR 
gene  in  the  y6  transposon2,  can  be  cleaved  into  2  dooalns, 
M.U.*s  15,300  D.  (L.F.)  and  5,000  D.  (S.F.)  bv  a'chs'aotrvpsin. 
$.F.  is  the  DNA  binding  doaain  and  L.F.  contains  the  cata¬ 
lytic  site  for  site-specific  reco&btnation^.  X-ray  crvstal- 
lographlc  studies  of  L.F.  are  in  progress^*^.  Intact  resol¬ 
vase  and  S.F.  are  being  studied  in  cveplexes  with  a  DNA 
ollgooer,  which  is  part  of  a  sice  shown  by  footprlnting^  to 
have  a  high  afflnitv  for  S.F. 

1  D.8,  McKay  and  T.A.  Stelt*.  Nature  2^,  744-749  (1981). 

2  N.D.F.  Grindley  et  al..  Cell  19-27  (1982). 

3  F.C.  Weber.  D.L.  OlUs  U.K.  Bebrin.  S.S.  Abdel-Megutd, 
T.A.  Steitz,  J.  Hoi,  Bol.  ^57.  689-690  (1982). 

4  S.S.  Abdel-Meguid,  N.  Teapleton,  N.D.F.  Crlndley  and 
T.A.  Steitz,  P.N.A.S.,  in  press. 


127 


Tuesday  31  July  Congress  Centre-first  floor.  Posters  079-084 


Posters  on  Nucleic  Acid-Protein  Interactions 

079  ORAL  PRESENTATION 

X-RAY  DIFFRACTION  AND  EIECTRON-MICROSCOPIC  STUDY  OF 
5  S  rRNA  CRYSTALS.  K.  Morikava.  Dcpart&cnc  of  Biophysics^ 
Faculty  of  Science,  Kyoto  University,  Kyoto,  Y.  Fujiyoshi, 

K.  Ishizuka,  Institute  for  Chealcal  Research,  Kyoto  Univer¬ 
sity,  Kyoto,  M.  Kawakaai  and  S.  Takeaura,  Institute  of  Mole¬ 
cular  Biology,  Nagoya  University,  Nagoya,  Japan. 

5  S  rRKA  is  a  cotsaon  constituent  that  is  pr',:3ent  in  the 
larger  ribosoaal  subunit  of  biological  species  fron  pro¬ 
karyotes  to  eukaryotes.  We  for  the  first  tlzae  succeeded  in 
the  crystallization  of  5  S  rRNA  froa  ther&ophllic  bacteria, 
Theraus  theraophilus  HB8  (Morikava  et  al.,  FEBS  Letters 
(1982)  14S,  194-196) .  We  have  subsequently  been  searching 
for  the  crystals  good  enough  to  be  analysed  at  an  atomic 
resolution  level.  Up  to  date,  5  different  types  of  crystals 
have  been  grown  by  a  vapour  diffusion  technique  and  crystal 
data  about  3  of  them  were  determined  by  X-ray  diffraction. 

At  the  moment,  the  best  crystal  diffracts  up  to  13A  resolu¬ 
tion  level.  One  type  of  crystabvas  thin  enough  to  be  sub¬ 
jected  to  electron  microscopy.  The  crystal  stained  with 
uranyl  acetate  was  found  to  preserve  its  rcgurality  at  17A 
resolution  level.  The  noise  filtered  images  of  (001]  and 
1112)  projections  revealed  the  molecular  arrangements  within 
the  crystal  lattice.  We  could  construct  a  model  explaining 
features  of  the  two  images  consistently.  The  further  exami¬ 
nation  about  packing  of  the  molecules  into  the  unit  cell 
consequently  gave  some  implications  on  the  overall  shape  of 
S  S  rRNA  molecule. 


081 

3-D  STRUCTURE  OF  DNase  I  AND  ITS  INTERACTION  WITH  SKELETAL 
MUSCLE  ACTIN 

0.  Suck,  th.  Oefner  and  W.  Kabsch,  EH3L,  Heidelberg,  F.R.G. 

ihe  three-ditnensional  structure  of  bovine  pancreatic  . 
deoxyribonuclease  I  (DNase  I)  has  been  determined  at  2.S  a 
resolution  by  X-ray  diffraction  from  single  crystals.  An 
atonic  cnodel  was  fitted  into  the  electron  density  using  a 
raphics  display  systen.  DNase  1  is  ano^-protem  with  two 
-stranded  i)-pleated  sheets  packed  against  each  other  foramg 
the  core  of  a  'sandwich‘-type  structure.  The  two  predomi¬ 
nantly  antiparallel  0-sheets  are  flanked  by  three  longer  o- 
helices  and  extensive  loop  regions.  The  carb.*hydrate  side 
chain  attached  to  Asn  Id  protrudes  by  about  IS  A  fron  the 
otherwise  compact  molecule  of  approxiwte  dimensions  4$  A  x 
40  A  X  35  A,  The  binding  site  of  Ca'^  -deoxythyBidine-3' ,5‘- 
bisphosphate  (Ca-pd1p)  has  been  detemined  by  difference 
Fourier  techniques  confirming  biochenical  results  that  the 
active  centre  is  close  to  His  131.  Ca-pdTp  binds  at  the  sur¬ 
face  of  the  enzyme  between  the  two  0-pleated  sheets  and  seeras 
to  interact  with  several  charged  anino  acid  side  chains. 
Active  site  geometry  and  folding  pattern  of  DNase  I  are  quite 
different  from  staphylococcal  nuclease,  the  only  other  Ca‘*- 
dependent  deoxyribonuclease  whose  structure  is  known  at  high 
resolution.  In  the  crystals  of  the  rabbit  skeletal  lausclc 
actiniDNase  I  complex  four  contact  regions  were  found.  The 
DNase  I  residues  involved  in  these  contacts  are  predominantly 
charged  or  hydrophilic  anino  acid  fide  chains. 


083 

Regulation  of  the  Equilibria  and  Kinetics  of  Interaction 
of  Proteins  and  Nucleic  Acids  by  Inorganic  Ions.  M.  Thomas 
Record,  Jr.,  Departments  of  Chemistry  and  Biochemistry,  Uni¬ 
versity  of  Wisconsin,  Madison,  Wisconsin  53706  USA, 

Proteln-ONA  interactions  ray  be  modeled  at  a  thermodynamic 
level  as  ion  exchange  reactions,  in  which  the  neutralization 
of  fixed  charges  on  these  biopolyelectrolytes  upon  complex 
fomation  is  accompanied  by  a  significant  redistribution  of 
the  Inorganic  ions  originally  ordered  in  concentration  gradi¬ 
ents  in  the  vicinity  of  the  nacrolons.  This  redistribution 
is  thermodynamically  equivalent  to  the  release  of  as  many  as 
10-20  Ions  in  the  formation  of  a  proteln-DNA  coRplex,  and 
-akes  the  equilibria  and  kinetics  of  the  association  reaction 
far  more  sensitive  to  the  tonic  environment  than  to  them.acro- 
rclecule  concentrations  themselves.  Ke  have  used  Monte  Carlo 
nethods,  analytical  polyelectrolyte  theory  and  quadrupolar 
cation  WR  \o  examine  the  distribution  of  small  Ions  in  the 
vicinity  of  ONA,  and  the  thermodynamic  consequences  of  this 
distribution.  In  addition,  we  have  demonstrated  the  use  of 
inorganic  ions  to  probe  the  therexjdynaalcs  and  mechanisms  of 
the  interactions  of  lac  repressor  and  RNA  polymerase  with 
specific  and  nonspecific  binding  sites  on  DNA.  The  dramatic¬ 
ally  large  ion  effects  observed  in  these  interactions  make 
ion  concentrations  the  key  regulatory  variable  for  control¬ 
ling  these  interactions  in  vitro,  and  strongly  suggest  that 
inorganic  ions  roay  also  6e  an  important  regulator  of  the 
protein-CfiA  interactions  in  gene  expression  Jji  vivo. 


080 

THE  INTERACrriON  OF  THE  PF1  DNA  BINDING  PROTEIN 
WITH  VIRAL  DNA 

G.G.  Kneale  and  R.W.  Wijnaendts,  Eurooeao  Molecular  Biology 
Latx»^atcry,  Heidelberg,  F.R.G. 

The  DNA  binding  protein  of  PfI  bacteriophage  binds  to  the 
single  stranded  phage  genome  during  replication,  forming  an 
intracellular  nuclcoprotein  assembly  complex.  The  structure  of 
the  isolated  complex  has  been  analysed  by  X-ray  fibre 
diffractKwi,  revealing  an  open  helical  assembly  with  6.0  to  7.5 
protein  dimers  per  turn  and  a  variable  Ditch  of  45.55A,  with 
the  two  strands  of  the  DNA  held  apart  by  the  protein  dimers, 
each  site  binding  4  nucleotides  of  one  strand.  The 
fluorescence  of  the  protein  arises  from  its  single  tryptophan. 
The  fluorescence  depolarisation,  the  fluorescence  lifetime  and 
the  emission  spectrum  of  the  nuclcoorotem  complex  all  differ 
significantly  from  those  of  free  orotcin  dimers.  We  have  used 
these  changes  to  investigate  the  binding  of  oligonucleotides  and 
DNA  to  protein  dimers  in  solution,  and  propose  a  model  for 
ihe  equilibrium.  We  show  that  the  fluorescence  properties  of 
the  complexes  formed  arc  related  to  the  lateral  association  of 
dimers  along  DNA  strands.  The  results  can  be  correlated  with 
the  role  of  the  protein  in  promoting  single  stranded  DNA 
synthesis  and  oliage  assembly. 


082 

Low  resolution  neutron  crystal  study  of  the  Aspartyl-tRna- 
synthetasc  t-RNA^^P  cospicx  using  contrast  variation. 

M.  Roth  (ILL,  Grenoble),  A.  Lewit-Bentley  (EKBL,  Grenoble), 

D.  Moras  &  R.  Gifg6  (IBKC,  Strasbourg),  France. 

the  H2O/D2O  solvent  contrast  variation  technique  was  appli¬ 
ed  In  a  single  crystal  study  to  detenslne  the  lov-rcsolucion 
structure  of  the  protein  and  nucleic  acid  cooponents  of  the 
c<KDi>lex.  The  crystals  are  of  space-group  X432»  4*754  X  with 
one  cnzyoc  discr  and  two  tRNA  noleculea  per  asycoetric  unit 
and  useful  data  extend  to  22  X  d-spacing. 

A  preliainary  study  of  the  variation  of  diffracted  intensi¬ 
ty  with  deuteriua  concentration  (1)  gave  values  for  oatch- 
points  of  the  Dean  scattering  density  of  the  protein  and  the 
tRNA.  Using  data  at  the  laatch-point  of  the  tRNA,  we  eade  a 
positional  and  rotational  search  with  a  sicple  aodel  against 
data  to  40  X  d-spacing,  followed  by  a  least-squares  refinc- 
aent  against  data  to  32  X  d-spacing.  The  enzyae  ditser  was 
represented  by  two  ideiitical  ellipsoids  of  the  expected  vo- 
lusc,  related  by  a  local  2-fold  axis.  The  solution  with  the 
best  agreeoent  with  experioental  data  and  with  the  radius 
of  gyration  closest  to  that  tseasured  in  solution  corresponds 
to  a  grouping  of  two  enzyac  dioers  about  the  (110)  2-fold 
axis  of  the  crystal,  thus  foraing  a  tctraocnc  unit  with 
three  orthogonal  2*fold  axes.  The  refineoent  of  the  po¬ 
sition  and  shape  of  the  tRNA  ooleculcs  is  now  in  progress. 
The  coherence  of  the  results  within  the  contrast  variation 
series  wl*l  serve  to  confirm  our  results. 

<1)  Moras,  D.  et  al.  (1983),  J.  Bioool.  Structure  &  Dynamics 
I,  209-223 

084 

CIRCULAR  DICHROISH  OF  THE  16$  RNA  aOACIN 
FRAGMENT:  TITRATION  BY  IF5.  £.  KlfiKitTCa.  Oept. 
of  CheBlsIry,  Univ.  of  South  Florida,  Taapa  FL 
53620  USA 

iF3  Is  a  strongly  binding  RNA  helix  destabi¬ 
lizing  protein,  which  binds  specifically  to  the 
Initiation  codon  AUG,  end  to  a  l4-nucleotlde 
sequence  near  the  3*  end  of  I6S  rRNA  which  Is  vir¬ 
tually  conserved  In  all  forat  of  life  (HIckstroa, 

E.  (1983)  Nucleic  Acids  Res.  II,  2033-2052). 

Hence,  It  was  of  Interest  to  exaalne  the  secondary 
structure  of  the  3'  end  of  16S  rRNA  by  observing 
Its  circular  dichrolc  (CD)  spectrua,  and  the  sub¬ 
sequent  effects  of  adding  IF3.  The  CO  spectrua  of 
the  49-nucleotlde  3'  toralnal  fragaent  of  16S  rRNA 
was  aeasured  at  25^  In  10  eM  TrIs-HCI,  pH  7.4,  100 
aH  NH.CI,  1  aH  HgCOAc)^*  1  OTT,  5^  glycerol, 
and  displayed  no  295  na  trough,  a  269  na  peak,  a 
242  na  crossover,  and  a  225  na  trough.  Upon  addi¬ 
tion  of  Increasing  aaounts  of  1F3,  the  peak  CO 
decreased  saoothly  by  about  205  to  an  endpoint  of 
>1  1F3  per  RNA  strand,  with  a  peak  redshift  of 
only  2  na.  When  the  CO  spectrua  was  aeasured  fn 
10  aM  Na2HP04,  pH  7.4,  1  aH  EOTA,  1  aH  OTT,  55 
glycerol.  Its  shape  was  virtually  the  saae,  but 
titration  with  IF3  decreased  the  peak  CD  by  355  to 
an  endpoint  of  2  IF3  per  strand,  with  the  saae  2 
na  peak  redshift.  The  probable  lapllcatlons  of 
these  observations  for  the  modes  of  IF3  binding  to 
the  3*  end  of  16S  rRNA,  and  for  the  function  of 
1F3  In  bRNA  binding,  will  be  discussed. 


128 


Tuesday  31  July  Congress  Centre-first  floor.  Posters  085-090 

Posters  on  Nucleic  Acid-Protein  Interactions 


085 

A  MODEL  OF  CHEMICCMECHAMICAL  IRUSDUCTIOM  BI  DMA  GIRASE. 

E.  Mizraii  and  J.  Lin,  D«pto.de  Biofisica,  Facultad  de  Kcdi- 
cxna,  Dcpto.dc  Fisica,  Faculcad  de  Husanidades  y  Ciencias, 
Montevideo,  Uruguay. 

The  following  diagraa  specifiea  a  ntnisal  eodel  for  the 
action  of  DN'A  Girase, 

O 

a 


3 

where  0,1,.. are  conforeational  states  of  the  enxyse.  The 
transition  0**1  represents  the  binding  of  the  enzyee  to  the 
DNA.  In  cycle  b,  l-*2  describes  ATP  binding,  2~»3  represents 
supercoiling  events,  and  3~>1  describes  the  release  of  prod> 
ucts.  In  cycle  a  the  protein  goes  through  the  saae  states 
as  in  b  but  in  the  abscense  of  ATP.  The  Dodel  has  transition 
probabilities  dependent  on  the  linking  nusber.  As  the  enzyse 
cycles  through  b  clockwise,  DMA  suffers  supercoiling  and 
generates  sechanical  tension.  The  following  results  are 
derived  freea  this  nodel:  i)Kinetic  constants  of  cycles  a 
«nd  b  in  general  do  not  satisfy  Vegseheider  relations,  ii) 
There  is  a  unique  stable  steady  state  at  the  point  where 
sechanical  forces  exactly  balance  the  forces  generated  by 
the  hydrolysis  of  ATP.  iii)Uithout  substrates  the  systea 
behaves  as  a  topoisocaerase  thus  decrexiog  the  linking  nuaber 
via  cycle  a.  iv}Near  the  steady  state  the  systea  relaxes  as, 
an  Omstein'Uhle'ibeck  process. 


086 

CHARACTERISTIC  BASE  SEQUENCE  PATTERNS  OF  PROMOTER  AND 
TERMINATOR  REGIONS  IN^XI74  AND  FO  PHAGE  ONAS  (ONA-RNA 
POLYMERASE  INTERACTION)  J.  Otsuka  and  T.  Kunisawa,  Dept,  of 
Applied  Biol.  Sci.,  Faculty  of  Sci.  and  Technol.,  Sci.  Univ. 
of  Tokyo,  Chiba  27B,  Japan. 

The  base  sequence  properties  have  been  investi9dted  over 
the  entire  region  of  f^X174  and  fd  phage  ONAs  in  comparison 
with  in  vivo  and  in  vitro  transcription  data  accumulated  on 
these  phages.  The  properties  investigated  here  are  distri- 
oution  of  recognition  and  firm  binding  sequences,  palin* 
dromes,  syrsmetrical  base  sequences.  A  *  T  content  and  the 
other  specific  sequences  of  three  to  seven  bases  with  lew 
frequency  of  occurrence.  The  present  Investigation  reveals 
the  following  rules.  (1)In  In  vivo  promoters,  the  recogni- 
tion  and  firm  binding  sequences  appear  with  a  definite  base 
distance  of  16i2  bp.  (2)  In  in  vitro  promoters,  the  base 
distance  between  the  recognition  and  firm  binding  sequences 
is  somewhat  deviated,  and  their  promoter  efficiency  is  under 
the  influence  of  the  A  ♦  T  content  in  a  wide  range  of  about 
60  bp.  (3)  Most  terminators,  especially  rho-independent 
ones,  are  characterized  by  a  homology  of  the  G^C  rich  palin¬ 
drome  followed  by  a  poly  A«^T  sequence.  (4)  The  palindrome 
which  intervenes  between  the  recognition  and  firm  binding 
sequences  much  reduces  the  promoter  efficiency,  even  if  the 
set  of  these  sequences  seems  to  constitute  a  promoter  site. 
These  rules  orovide  some  insight  into  the  molecular  nech- 
anisn  how  £.  coli  RNA  polymerase  consisting  of  subunits 
interacts  the  double  stranded  ONA. 


087 

IHTBRAOTIOH  OP  SUBSTRATES  IH  THE  ACTIVE  SITE  OP 

E. COU  RJIA  POLTMERASE 

F. SzaTras8ld.,W. J.Snagowlcz  and  K.l.Wlerzehowakl 
Inst. of  Biochen.Biophfs. ,Pall8h  Acad. Sci. .Warsaw 

Steady-state  kinetic  studies  of  abortive  Ini¬ 
tiation  of  transcription  on  the  A1I7  promoter  by 
B.eoll  RHA  polyneraae(AIP+UTP.pppApUtpPi)wltb  use 
of  approplatoly  modified  substrate  analogues  were 
earriod  out  to  investigate  wbieh  particular  groupe 
of  the  rlbose  moiety  and  triphosphate  chain  aro 
involved  In  binding  of  ribonueleosldo  S'-triphoa- 
pbates  by  the  enzyme.Analyeis  of  the  kinetic  con¬ 
stants  derived  therefrom  indicated  that ;(1) the 
trlpheaphate  chains  of  the  primer  PuoTP  and  of  the 
elongating  DTP  interact  with  some  protein  receptor 
groups  through  tholr  a-  and  p-rssldus8,(li)the  ri- 
bose  2’-0U  of  the  elongating  STB  is  also  bound  to 
the  protein, (ill)the  3’-0H  of  the  PuoIF  and  the 
T-phosphste  of  the  elongating  STP  axe  involved  in 
an  interaction  between  the  substrates, whereby  aff¬ 
inity  of  the  substrates  to  their  binding  sites  in¬ 
creases  signiflcantly,snd(iv)the  a-  and  B-pboa- 
phatos  of  the  olongatlng  DTP  also  participate  in 
this  interaction. It  ia  postulated  that  the  inter¬ 
action  of  aubotrates  is  mediated  by  the  protein- 
bound  Ug(II)lon,and  a  minimal  molecular  model  of 
e  cholato  PuoTP;)(g(II)  :HIP  conplox  in  the  cataly¬ 
tic  centre  of  the  enzyme: promoter  initiation  com¬ 
plex  is  propeood. 


089 

SIHUCIURAL  .MWLYSIS  OF  CRISVAIS  OF  RESTRICTION  EKIME/DNA 
XMPIEXES  Bf  EIECIRON  HICROSCOPT. 

J.A.  Berrlayi,  K.R.  Leonard  and  F.K.  Kinkier. 

European  holKuIar  Blolcgy  Laboratory  (EHBL) 

Poatfach  10.2209,  Heyerhafatr,  1,  D.690O  Heidelberg,  F.R.O. 

luring  wrk  on  the  restriction  enzyoe  BooRV  by  f-ray 
diffraction,  co-crystala  sere  fonsod  with  the  decanualeoUde 
(S')  CCGtTATCOO  containing  the  recognition  aetpience 
(inderllned).  These  crystals  wire  thin  enough  for  electron 
aleroscopy  anl,  negatively  stained  with  uranyl  acetate,  gave 
loages  with  a  resolution  of  1.5  na.  The  inlt  cell  alzo  Is 
5.9  X  6,9  ra  (t°90°),  plane  group  pg.  In  glusoso  these 
o.-'ystals  gave  electron  diffraction  patterns  ulth  very  good 
xirror  and  Frledel  syasetry  extending  to  0.3  m  resolution. 

With  the  octanuoleotlde  (S')  CGAATTCG  which  lacked  the 
proper  recognition  sequence,  another  crystal  typo  ms 
forced.  This  gave  negatively  stained  Icmges  to  1.5  na 
resolution  and  a  unit  cell  of  7.9  x  8.9  na  (t.  90'’),  plane 
group  coa.  It  ms  found  that  diluting  the  mother  liquor 
zaused  these  crystals  to  disrupt  and  fore  single  layer 
sheets  and  tubes.  The  unit  cell  diaetdlons  mre  UKhanged, 
sou  with  plane  group  pgg  ejaastry.  In  gluoose  these 
orystals  dlff1ra:ted  to  0,5  ra  and  tuo  arcs,  presuaably  froo 
the  aiA  base-relr  stacking,  were  seen  In  the  diffraction 
pattern  at  0.39  m  and  apo”  to  the  long  axis  ot  the  crystal. 

He  are  now  working  on  a  tilt  rooonstruotlon  of  the 
single  layers  to  define  the  lou  resolution  shape  and  packing 
pf  the  protein  dimer,  Thla,  together  with  the  electron 
plffractlon  data,  may  Identify  the  INA  binding  positions  fbr 
the  specific  a.sd  non-speoiflo  ocmDlexes. 


088 

INTERACTION  OF  THE  ANTICODON  LOOP  OF  YEAST  WITH 

RIBOSOMES.  AH  ESR  STUDY  ^  , 

Ivana  Wevoand-Ourasevic,  Vesna  N(>thig;Laslo  and  Z.  Kucan 
RHTtT’oTTcTcnce'TnT'Rudjer  Boskovic  Institute, 

University  of  Zagreb,  Zagreb,  Yuooslavia  ^ 

We  have  used  yeast  tRNA'y'*,  spin-labelled  in  rA-37 
residue  with  4-am1no-2.2,6,6-tetrdmethy)p1per1dine-l-oxyl , 
to  study  conformational  changes  caused  by  binding  of  various 
ligands  to  this  nacromolecule  {V.  Nothig-Laslo  et  a).  (1981) 
Eur.J.Biocheo,  117,  263-267).  as  well  as  the  contacts  of  the 
anticodon  reoion  of  this  tRNA  with  other  raacromolecoles.  The 
iT«ssaqe-frce  binding  of  d^acylated  tRNATy**  to  E.  coll  ribo¬ 
somes,  takino  place  at  the  Pzsite,  was  our  first  choice.  The 
equilibrlun  constant  of  lxlO'l*rol“'  for  the  complex  forma¬ 
tion  was  determined  from  Scatchard  plot.  ESR  spectrum  of 
free  tRNA'y**,  characteristic  for  ef  rapidly-turabllnq  nitro- 
xide*  changes  to  a  spectrum  with  extensively  broadened  lines 
In  the  r1boso(rc-tRNA  complex.  The  original  spectrum  can  be 
restored  upon  long  Incubations  of  the  cenplex  with  an  ex¬ 
cess  of  extraneous  tRNA.  ESR  spectra  suggest  that  the  spin- 
-label  motion  is  drastically-perturbed  though  not  completely 
blocked  in  the  rlbosome-tRNAv'*  complex.  Since  ESR  spectra 
of  a  spin-label  attached  to  the  oppositCp  i.e.  5*-slde  of 
the  anticodon  loop,  are  only  sllghfy  perturbed  by  the  mes¬ 
senger-free  binding  to  ribosomes  (Rodrigues  et  al.  (1980)  J. 
Biol.  Chem.  25S,  8116-8120),  It  1$  concluded  that  the  two 
sides  of  the  anticodon  loop  face  entirely  different  environ¬ 
ments  when  bound  to  the  P-sHe,  the  3*-side  being  oriented 
towards  the  surface  of  the  ribosome,  and  the  other  side 
towards  Us  environment  or  a  large  cavity. 


090 

PROTEIN-DNA  INTERACTIONS:  INFLUENCE  OF  POLYPEPTIDE 
CONFORMATION  AND  COMPOSITION.  F.AZorIn,  J.L, Campos 
J.Aymatnl,  J. Vivos,  J.Llovoras  and  J.A.SuLlrana 
Unidad  do  Qulmlca  Macronolccular  del  C.S.I.C., 
Barcelona,  Spain. 

R. Mayor  and  A. Brack,  Centre  do  Biophys'iquo  Molccu- 
lairo  du  CNR5,  Orleans,  France. 

He  have  studied  the  interaction  with  DNA  of 
basic  polypeptides  which  have  different  conforma¬ 
tions.  Wo  have  found  that  DNA  in  the  B  form  can 
interact  with  polypeptides  which  have  cither  &n  a 
or  $  conformation.  In  all  cases  the  DNA  maintains 
its  B  form  upon  interaction.  The  polypeptides 
usually  maintain  its  original  conformation,  but  in 
some  cases  the  original  conformation  is  lost  and 
the  polypeptide  is  wrapped  around  the  DNA.  Wo  con¬ 
clude  that  there  is  no  single  polypeptide  confor¬ 
mation  (a, 8  or  other)  which  is  favoured  for  inter¬ 
action  with  DNA.  The  polypeptides  we  have  studied 
arc: 

8  conformation  preserved: 

Ac-Lys-Ala-Tyr-Ala-Lys-NHEt 
Poly (Val-Lys) ,  poly(Lcu-Lys) 

^  conformation  lost  upon  interaction: 

PolylAla-Lya) 
a  conformation  preserved: 

Poly  ILys-Ma-Ma-Lys) 

Poly (Lys-Lcu-Ala) 
a  conformation  lost: 

Poly (Lys-Ala-Ala) 
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091  ORAL  PRESENTATION 

PfOrctl  FSSCNMJCE  STOD^  OP  7Fe  FERpmoXINS 

K.  Kaqav^t  T.  Imai^TD,  OhKori,  and  T.  Oshira* 
t  Bicretrology  Lab,  JEOL  LID.  Nak^esni,  Akishira«  Japan 
tTDept  of  Qi^stry,  College  of  Science  Ttehirna-ku 

TtJyo  Japan 

MDcpt  of  Chcsdstry#  School  of  Medicine  Juntendo  Univ,  Chiba 
■^Lab  of  Chcfaistxy  for  Katxiral  ProductSf  Tdk;^  Institute  of 
Technology#  Yckchacna#  Japan 

Ferredodns  (Fds) extracted  frera  Thomas  theareohilus  (Tt) 
Mvobbactcriya  sKegaatis  (Ms)  and  Pseudarenas  ovalls  (Po)  were 
sUkdied  ^  On  ^  basis  of  ^ectzal  change  accorpa- 

ning  with  redox  titration#  two  redex  centers#  3Fe  and  4Fe 
clusters#  were  ccncluded  in  these  fcrzedcxins.  Ihe  order 
of  redox  pcntenticds  for  each  of  redox  centers  was 
3Fe:  Da(£Vo)<Ea(Tt)<ERi(HS)<ORW  (1) 

4Fc;  Ba(Po)<Ein(Tt)<IM(Ks)<“400ra;(2) 

The  4Fe  center  always  showed  a  potential  lower  than  that 
of  the  3Fe  c^ter.  Ihis  ^parently  ccntradicted  to  the  notion 
that  the  4Fe  oaiter  belonged  to  the  itcn-sulfur  of  the  IliPIP 
type.  For  Po  Fd  vhich  is  the  rest  hccrologous  to  the  wcll- 
Joown  Azotcbactor  ^riJvelandil  Fd,  this  was  solvod  by  cen- 
flming  the  oxidizability  of  the  4Fc  redox  oocple  using  a 
stoichiometric  amount  of  oxidant.  Po  Fd  provided  a  first 
exaG:plc  of  the  verification  of  the  three  state  theory  of  the 
redox  center.  An  excess  amount  of  oxidant  was#  hoMcver# 
found  to  effect  cenversion  of  the  4Fe  CE^tcr  to  an  iren  center 
of  the  3Fe  type  for  all  of  the  three  Fds.  Cn  Icng  tern 
incxbation  in  air#  the  cenverted  3Fe  center  showed  even 
further  change  in  19^  spectra. 


093 

CHANGES  IN  THE  ELECTRONIC  STRUCTURE  OP  IRON-HEME 
AS  AFFECTED  BY  UV-LIGHT  IRRADIATION  AND  LASER. 

M.S.Abd  El-Basec.  National  Research  Centre. 

Dokki,  Cairo,  Egypt. 

Oxyhcnoglobin( 2.6xlO"^H)  v*^s  subjected  at 
23*C^  1  to  near  UV( 300-420  nm)  and  long  waves 
(320-390  nn)  by  use  specific  filters.  The  time  of 
exposure  was  S-30  nin,  which  corresponds  to 
7.55-45. 3xl0"3  joule/cm^and  5. 45-32. 7xlO“3 
joule/cn**.  Also  the  sane  concentration  of  Hb02 

was  subjected  at  23*C  +1  to  O.Sn  volt  laser  (630 
nm)  for  the  same  exposure  time.  It  was  found 
that,  irradiation  with  near  UV  led  to  shift  in 
Soret  band  for  5-lOnm.  towards  short  warolength. 
Evidence  of  oxidation  also  cooes  from  EPR  signalos 
which  confirmed  the  loss  of  electron.  Changes  in 
electronic  states  of  heme,  hene-hcoe  interaction 
and  globin-heme  interaction  were  much  more  in  the 
case  of  near  UV.  Whereas  long  waves  of  UV  besides 
its  effect  on  heme  parts,  it  caused  a  weakness  ir 
the  noncovalcnt  bond  between  glcbin  and  heme.  An  , 
intermediate  states  and  threshold  were  detected 
from  spin  states  constant  and  thermodynamic  pa¬ 
rameters.  Also  different  unfolding  degrees  were 
detected  with  an  increase  in  active  sites  (  OH* 
receptores).  The  effect  of  laser  seemed  to  bo 
less  effective  as  compared  to  UV  irradiation. 
Interesting  data  were  obtained  when  exposed  KbCo. 


095 

CYTOCHROME  c  OXIDASE:  STRUCTURE  AND  FUNCTION  AS  AN  OXIDASE 
AND  A  FEROXTdASE 

L.  Powers,  Y.  CMng,  Bell  Laboratories.  Murray  Hill.  NJ,  USA 
and  B.  Chance.  C.  Kuaar.  Johnson  Foundation.  U.  of  Penn. 
HAdlcal  School,  Philadelphia.  PA.  USA 

The  structure  of  the  resting  oxidized  form  of  this  term¬ 
inal  enzyme  in  the  respiratory  chain,  cytochrooo  c  oxidase, 
has  been  shown  by  x-ray  absorption  spectroscopy  to  contain 
a  sulfur  bridge  between  the  copper  and  iron  of  the  active 
site  which  are  separated  by  ^3.8A.  This  fora  functions  as 
an  oxldaae  with  the  CO  or  0,  bound  to  the  reduced  active 
site  Iron  producing  a  structure  siallar  to  CO  or  oxy  hemo¬ 
globin  while  the  sulfur  remains  with  the  active  site  copper. 
It  Is  this  fore  with  Che  sulfur  bridged  active  site  chat  is 
found  In  sub-altochondrlal  particles  and  Intact  mitochondria 
and  Is  Isolated  by  the  Yonecanl  method  with  ^  901  hoaogenlty 
but  not  by  the  Hartzell-Beinert  method.  The  pulsed  fore  is 
also  fully  oxidized  but  lacks  the  sulfur  bridged  active  site 
and  the  Iron  of  the  active  sice  Is  structurally  similar  to 
that  of  the  peroxidases.  This  form  functions  as  a  peroxi¬ 
dase.  A  stable  Intermediate  Is  also  formed  with  hydrogen 
<*nd  ethyhydrogen  peroxide  In  which  the  active  site  Iron 
structure  Is  similar  to  that  of  the  peroxidase  Intermediate. 
The  active  site  copper  does  not  participate  in  the  peroxl- 
datie  role.  Thus,  this  unique  enzyme  bse  a  peroxidase 
activity  which  serves  as  to  safeguard  Its  main  oildase 
function. 


092 

AvriKnarics  induce  cardioupdj  clusters  roRMAixcti: 

POSSIBLE  ROLE  IN  MITOCHONmiAL  ENZYME  INACTIVATIOfl. 

P.  Hth^rti  R.  Brasecur,  E.  (Soorraghtigh  and  J.-M.  ftjysschacrt 
Labor.  Mscrcrol.  at  Interfaces.  CP:206/2  BxMKsel 
University,  Brussels  -  Bclgiim,  B-105C. 

We  recently  proposed  that  inhibition  of  tre  lo.  * 
oxidation  site  of  the  respiratory  chain  (cytoerro-*  ..  oc.rtas€ 
:  C.C.l.9.3.1.)  could  participate  *^0  the  aclr-^r/'"r 
ndtochendrial  toxicity  (1).  Wc  d^nonstrate  ’•erv  'hat  tr.e 
foiT^tion  of  cardiolipin  clusters  irscu-eo  b>  adr.a.’rryc^r.  is  a 
prerequisite  to  the  inactivation  process.  Thre^  antmito^^ics 
(adriasycin,  acridine  orange,  cthidiisn  brcciide)  witn  a  siai- 
lar  affinity  (^  10^  role/litre)  for  cardioSipjr  wert  sharp 
to  affect  differently  the  cytochrcfre  c  oxidase  activity  rea- 
sured  on  beef  heart  ritochcxxlria.  This  obscrvatior.  can  be 
explained  in  terrs  of  clusters  fonration  resulting  free,  the 
mode  of  association  of  the  antiAitotic-cardiolipin  cerplex. 
The  acridine  orange-cardiolipin  and  adriarycin-cardiolipin 
coeplexes  allow  the  fornation  of  cardpack  stacked  structures 
stabilized  by  antinitotic-antinitotic  interaction  whereas, 
in  the  ethidiin  brcrdde-cardiolipin  structure,  rroleculcs  are 
not  oriented  parallely  rendering  stac)dng  between  cycles  and 
<xxisequently  cardiolipin  clustering  very  irprobable.  For 
adrianycin,  it  is  terptmg  to  design  new  structures  avoiding 
the  lipid  clusters  forrration  but  preserving  the  interaction 
with  DlA.  It  could  be  another  possibility  to  decrease  the 
antinitotic  cardiotoxicity. 

(1)  E.  Goormsghtigh,  R.  Brasscur  and  J.-M.  Ruysschaert 

(1982)  BiochcA.  Biophys.  Res.  Ccrriin.  22!i*  ??•  31‘*“320. 
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HIGH  AND  LOW  SPIN  THERMAL  ECJUILIBRIIW  IN  MET-HA&JOGLOBIN  AND 
^^ET-^ft'(XILOBIN -  DEPENDENCE  KITH  FREE.'ING  VELOCITY 
E.Wajnberg*,  H.J.Kalinowski*  and  G.Bemski**,  ‘Department  of 
Physics,  Pontif icia  Uni versidadc  Catolica,  “Centro  Brasi- 
leiro  de  Pesquisas  Fisicas,  Rio  do  Janeiro,  Brasil 

Ke  have  used  Electron  Spin  Resonance  (ESR)  to  study 
the  equUibnin  mixture  of  the  lew  and  high  spin  states  in 
hacaoproteins.  Measurcanents  in  the  teeperature  range  froo 
6K  to  lOOK  were  talccn  in  p<x»xlered  sorrples  of  hac»o-and  b>*o- 
globin.  The  intensity  ratio  of  the  ESR  spectra  is  used  to 
neasure  the  relative  spin  population  of  the  two  spin  states. 
As  tlie  ESR  intensity  also  depends  on  the  spin-lattice 
relaxation  time,  the  experinents  were  conducted  under 
sufficient  low  pou-cr  of  the  incident  microwave  radiation  to 
avoid  that  effect,  Ke  have  also  observed  the  dependence  of 
the  ratio  mixture  with  the  freezing  velocity  of  the  sample. 

We  have  feund  that  in  the  low  temperature  range  (T  s  12K) 
the  high  to  lev  spin  concentratioii  ratio  increases  as  the 
freezing  velocity  increases.  For  sufficient  high  temperatures 
(T>60KJ  both  proteins  show  a  classical  Boltzmann  distri¬ 
bution  of  the  spin-states,  v»ith  a  typical  energy  of  13  cn-*, 
for  noderalc  freezing  velocities  (ll*5-27K/nin).  This 
distrilxjtion  is  valid  for  the  entire  range  of  temperatures 
when  the  satplc  is  slowly  frccrcd  (-l.SK/iain). 


Research  supported  by  (2J’q 
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cytochrome  P*50(^:  ORIENTATION  OP  TOE  g-TONSORS  RELATIVE 
TO  TOE  HEME  COMPLEX. 

r.  C.  Debrunner,  P.  W.  Devaney  and  G.  C»  Wagner, 
Departaenta  o(  Physlca  and  Btochealatry,  Unlveraity  of 
Illinoia.  Urbana,  IL  61801  USA 

Cytochrone  P430q^  from  Paeudoaonaa  putlda  ia  the 
first  heae-thlolace  monoxygenase  to  be  crystallized. 
Spectroscopically,  P430^  reaeablea  the  aaaaallan  P4S0 
cytochroBoa,  a  functionary  diverse  group  of  membrane 
proteins.  According  to  the  3A  electron  density  asp  of 
P450^  (T.  Pouloa  et  al.  (1984)  J.  Mol.  Biol.)  cya-U4 
coor^natea  to  the  heae  Iron  in  the  hlgh-spln  ferric  sub¬ 
strate  complex.  Baaed  on  a  preliminary  analysis  of  the 
x-rsy  data  and  tingle  crystal  EPR  (P.  W.  Devaney  et  al., 
in  preparation)  ve  can  infer  the  orientation  of  the 
Fe(lXl)  g-tensora  relative  to  the  hetae  coaplcx.  The 
majority  of  the  avostrate  adduct  haa  g  -  (7.75,  3.93, 

1.80)  with  principal  axea  within  4*  of.  the  Iron  -  N  j, 
dlrectlona  (x,y)  and  the  heme  normal  (z).  At  4.2K  V 
minority  (30Z),  low-spin  species  with  g  -  (1.97,  2.23, 
2.40)  is  observed,  which  reteabl'is  the  pure  low-spin 
species,  g  -  (1.91,  2.24,  2.46),  of  the  substrate-free 
enzyme.  Assuming  the  transition  to  low  spin  does  not 
change  the  orientation  of  the  heme  in  the  cryatal,  the 
^-values  2.40  and  2.46  are  observed  at  18‘  and  6*  from 

s,  while  the  g-values  1.97  and  1.91  are  at  9*  and  10* 
from  X  and  within  7.7*  and  1.9*  of  the  heme  plane,  reap. 
The  results  are  dtacussed  in  a  ligand-field  Di>del. 
Supported  by  USGM  16406. 
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INTEPACTION  BETWEEN  THE  TKO  HEMES  IN  Pt'eudor'or.ae 
CYTOCHROME  <?  PEROXIDASE. 

R.  Aasa°,  N.  Bllfolk®#  M.  Rdnnberg  and  T.  VSnn- 
g5rd*,  ^Dcpartrscnt  of  Biocheaistry  and  Biophysics, 
University  of  GiJteborg  and  Chalrrcrs  Institute 
of  Technology,  Gbteborg,  Sweden,  and  ^Department  of 
Biochemistry,  University  of  Helsinki,  Helsinki, 
Finland. 

The  anion  binding  and  catalytic  properties  of 
cytochrome  c  peroxidase  from  Pseudononas  aerugi- 
ncec  have  been  studied  with  optical  and  magnetic 
resonance  techniques.  The  high-potential  (+300  mV) 

<?  heme  is  always  low-spin,  but  the  low-potential 
(-300  mV)  c  heme  undergoes  a  transition  from 
high-spin  at  room  temperature  to  low-spin  at  low 
temperatures.  Reduction  of  the  high-potential  heme 
changes  the  EPR  and  proton  NMR  spectra  of  the 
low-potential  heme  and  enhances  its  binding  of 
azide,  cyanide  and  fluoride.  The  reaction  of 
hydrogen  peroxide  at  the  low-potential  heme  re¬ 
quires  that  the  high-potential  heme  is  reduced, 
and  intermediates  are  formed  in  which  the  high- 
potential  heme  plays  a  role  similar  to  that  of  the 
protein  radical  in  the  yeast  enzyme. 
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STRUCTURAL  PARAMETERS  OF  PEROXIDASE-PEROXIDE  INTERMEDIATES 
B.  Chance  and  L.  Powers,  University  City  Science  Center. 
Phila.,  PA  19104  and  A  T  4  T  Bell  Labs,  Murray  Hill,  NJ  07974 
Enzy&e-substrate  cospounds  of  peroxidases  serve  as  models 
for  Hlchaells-Henten  intermediates  in  enzysology  (t).  Their 
ferry!  iron  models  <F«  0)  as  represented  by  ferryl 
cyoglobln  have  been  useful  (2).  Here  we  report  X-ray 
absorption  spectroscopic  studies.  The  edge  spectrum  of 
cospounds  I  and  II  of  horseradish  peroxidase  indicate  valence 
states  higher  than  Fo"^^.  The  ratios  between  the 
intensities  of  X-ray  absorption  at  7175  and  7200  eV  appears 
to  be  linearly  related  to  the  voluae  Bag.netic  susceptibility 
froB  low-spin  to  hlgh-spln  range,  for  9  stable  cospounds  and 
two  intersediates.  A  coaparlson  of  the  structural  properties 
of  cospounds  I,  11  and  III  as  derived  froa  their  SXAFE 
indicates  a  short  Fe-Ne  (proxisal  histidir.e}  distance  in  I 
and  HI.  The  corresponding  Fe-Np  (pyrrol-nitrogen)  distance 
Is  long,  a  result  which  differentiates  the  peroxidases  froa 
oxygen  transport  heaoproteins  and  aay  play  a  pivotal  role  in 
their  reaction  aechanlsa.  Coapound  II  differs  distinctly 
froa  coapound  2.  The  first  shell  peak  average  distances  are 
not  as  short  as  coapound  1  and  are  siailar  to  other  low  spin 
derivatives  These  paraaeters  now  perait  a  structural  analysis 
of  the  sequence  of  Interaedlates  in  peroxidase  activity. 

REFS.  1)  Chance,  B. ,  J.  Blol.  Chea.  151:553-577  (1943)  2) 
George,  P,  and  Irvine,  D.  H.  Blochea.  J,  SEjSI 1-519  (1952)  3) 
Hahn,  J.E.  et  al,  SSRL  Activity  Rpt.83/01  699B  (1983) 

Grant  Support:  NZH  grants  CH33165  and  KL18708. 

The  collaboration  of  Dr.  K.  C.  Paul  and  Dr.  T.  Poulos  is 
sratefully  acknowledged. 
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IRON  STORAGE  COMPOUND  STUDY  IN  HEPATIC  aNO  SPLENIC  OVERLOADED 
TISSUES  BY  H0SS8AUER  SPECTROSCOPY. 

J.H  RImbert.  C.  Kellershohn,  F.  Dumas  and  G.  Richardot. 
Lab.de  61ophy$.,Fac.  Ked.Necker-Enfants  Kalades, Pans, FRANCE. 

Mdssbauer  spectra  have  been  performed  on  lyophylized 
tissue  samples  of  normal  human  livers  and  human  livers presen* 
ting  iron  overload  (hemosiderosis  due  to  hypertransfusional 
therapeutic  In  patients  with  major  ^-thalassemia).  These 
spectra  are  carried  out  at  different  teoptratures  (R.T.,77^K 
and  4.2''K). 

At  room  temperature,  the  spectra  suggest  the  presence  of 
electric  quadruple  interactions  typical  of  a  high  spin  ferric 
iron.  At  77®K,  the  behaviours  of  the  spectra  are  strikingly 
different.  For  the  normal  liver  samples,  we  observe  only  gua- 
drupolar  interactions  due  to  the  superparamagnetic  properties 
of  ferritin  and  hwnosiderin.  For  the  iron  overloaded  liver 
samples,  in  addition  of  this  typical  electric  doublet  {OsO.T 
cm*',  ieO.5  ens*'),  we  note  the  presenceof  another con^onent 
This  one  consists,  on  the  spectra,  as  a  doublet  (^*1.2  cm*’, 
5^0.4  cm*')  and  a  beginning  of  a  taagnetic  splitting.  At  low 
temperature  (4.2^K),  the  magnetic  splitting  Is  coR^>lete  in 
all  cases. 

This  is  confirmed  by  Mdssbauer  spectra  performed  oncheov 
cally  isolated  hemosiderin  samples  from  spleen  of  normal  or 
iron  overloaded  subjects.  In  particular,  in  the  latter  case, 
we  observe  also  this  typical  component  characterized  by  a 
beginning  of  magnetic  order  at  higher  temperature  as  77*K. 

These  results  suggest  that,  in  the  case  of  iron  overload, 
in  addition  of  normal  ferritin  and  hec9s1derin,a  newmagnetic 
state  of  Iron  is  appearinq. 
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failure  of  THE  ALLOSTERIC  MODEL  FOR  BOTH  INITIAL  AND 
TERMINAL  PHASES  OF  LIGATION  IS  HE-NOCLOBIN.  J. 

Parkhurst,  V«ng  Cuing-Xin,  T.  M.  Z4ai$,  and  G.  Ceraci, 
D«pt.  of  Cheatscry,  Univ,  of  Nebraska,  Lincoln,  S£ 
68588-0304,  U.S.A. 

Double  aixing  inacniaentacion  and  rapid  quenching 
technique*  together  with  rapid  protein  separations  have 
allowed  us  to  quantitate  the  distribution  of  CO  aolecules 
between  the  alfha  and  beta  chain  he‘«es  in  the  initial 
phases  of  ligation.  Once  the  initial  sites  were  occupied 
with  00,  the  reaaining  sites  were  filled  with  other 
ligands,  such  as  NO.  or  the  sites  were  rapidly  oxidized 
and  excess  reactants  resoved.  EPR  spectroscopy  on  the  NO 
hybrids  allowed  the  distribution  of  NO  (and  by 
coapleoencarity,  CO)  to  be  deterained  for  the  alpha  and 
beta  sites.  Azido  binding  was  also  raonitored  in  the  set 
hybrids,  confiraing  Che  NO  EPR  assigneents.  These 
population  studies  showed  that  the  alpha  chain  is 
preferentially  occupied  in  the  initial  phases  of  ligation. 
The  distribution  results  together  with  precise 
spectropbotosetric  data  near  the  static  isosbescic  point, 
allow  rate  constants  to  be  assigned  to  the  individiual 
heses  for  varous  aodels.  A  heterogeneous  three-state  sodel 
IS  the  oinisal  model  for  early  phases  of  ligation.  Laser 
photolysis  and  precise  oxygen  equilibrius  studies  on 
valency  hybrids  show  that  the  allosteric  eodel  appears  to 
fit  terminal  phases  of  ligation,  the  values  required  for 
L,  however,  are  in  sarked  disagreesent  with  values 
deterained  from  sieple  stopped-flow  kinetics.  Support' 
NIH  HL  15,284,  HSF  PCM  8003655. 
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RESONANCE  RAMAN  SPECTROSCOPIC  STUDIES  Or  SIX-COORDIHATE 
LOM-SPIM  FORMS  OF  HORSERADISH  PEROXIDASE  Janes  Terner. 
David  Reed,  and  A.'-drew  Sitter,  Dept,  of  Chenistry,  Vir- 
ginia  Comonwealth  University,  Richmond,  VA  23284,  U.S.A, 

We  have  obtained  highly  detailed  resonance  Raran 
spectra  of  a  number  of  derivatives  of  isoenzyjnes  of  horse¬ 
radish  peroxidase,  which  include  among  others,  the  alka¬ 
line  form,  and  cor.poy>^^^  II  4*^^  ^  obtained  in  mixing 
experiments.  Native  horseradish  peroxidase  is  believed  to 
contain  a  five-coordinate  high-spin  heme.  Resonance  Raman 
spectra  of  the  alkaline  form  of  horseradish  peroxidase  are 
indicative  of  a  six-coordinate  low-spin  here.  It  i$ 
interesting  to  note  that  the  oxidation  state  marker  bands 
of  the  iron(IV)  hemes  of  horseradish  peroxidase  compounds 
It  and  X  are  not  significantly  higher  than  those  of  the 
low  spin  irondll)  derivatives. 

Support  is  acknowledged  from  Research  Corporation, 
the  Petroleum  Research  Fund  as  administered  by  the  Ameri¬ 
can  Chemical  Society,  and  the  Oeffress  Memorial  Trust. 
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NHR  STUDY  OF  pH  AND  METAL  ION  BINDING  EFFECTS  ON  THE 
BEHAVIOR  OF  ALBUMIN  TETRAPEPTIOES  A.A.  Ribeiro  and  C  F 
Chiqncll ,  Laboratory  of  Molecular  Biophysics,  NationaT” 
Instftute  of  Environmental  Health  Sciences,  P  0.  Box  12233. 
Research  Triangle  Park,  NC  27709,  USA. 

'H  NHR  spectroscopy  has  been  used  to  investigate  the  pH 
behavior  and  metal-ion  binding  properties  of  two  synthetic 
tetrapeptidcs,  AspThrMfsLys  and  AspAlaHisLys  in  H^O/O-O 
mixtures.  These  peptide  sequences  respectively  correspond 
to  the  N-termlnal  metal-ion  binding  sites  of  bovine  and  human 
serum  albumins,  proteins  that  are  involved  in  the  transport 
of  toxic  metal-ions.  Using  2-di(nens1ona1  NHR  correlated 
spectroscopy  we  have  made  complete  assignments  of  the  ex¬ 
changeable  amide  and  non-labile  side  chain  proton  resonances 
of  these  peptides.  The  chemical  shifts  and  line  shapes  are 
sensitive  to  pH.  The  line  widths  of  selected  backbone  and 
side  chain  resonances  are  also  sensitive  to  the  presence  of 
Cu(Il}  and  Ni(II)  ions  at  a  given  pH.  Previous  work  on  model 
tripeptides  has  suggested  that  the  metal-ion  binding  sites 
of  these  peptides  Involve  the  o-amlno  nitrogen  atom,  two 
deprotonated  nitrogen  atcxns,  the  Imidazole  nitrogen  atom  and 
the  vide  chain  carboxyl  group  of  the  aspartic  acid.  Our  work 
allows  for  the  first  time  the  direct  monitoring  of  the  back¬ 
bone  amide  protons  involved  and  the  evaluation  of  the  role 
of  the  lysine  residue  in  metal  ion  binding.  We  are  now 
extending  these  studies  to  include  NKR  methods  to  look 
directly  at  the  carbonyl  and  a-methine  resonances. 
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HX)L  OF  CI!s-Sl.jCiHO;i  FiOOX  caf- 
TS3S  Ii:.0XIDACHV3  PHoSFK0HiX,VH0:i  AI.’D  Al?  S.::i-KE 
SIS  F.3GULAi-I0:i. 

l>.P«^>a>*ushin«0,S.Nedelina.  Institute  of  Cheaical 
Pn; cics,Acau*3ci.USSi<<Korieia'U  Street, Loccov/jOSSR 
2SR  studies  of  intact  aivociionciria  And  SiP  in 
flow  i.^stea  ello?-*  to  detect  cnert;3r-dopcndeat  ecr 
cic»-ls  ‘.ritn  G=1,9^»,1,^,2,oo,J,Oj,a,v>  (roon  t, 

,7  cdid  21K).  Tnoce  simals  .verc  present  in  ticht- 
ly  coupled  aitociionario  cuid  SUP  under  conditions 
of  intensive  iilP  synthesis  or  its  inniuition  by 
oli^cnjcin  or  coiipetitive  in».it<itor  van  date(P^- 
eiaioc)  And  r€veri>e  trancier  in  tito  ii»P  presence. 

So  It.  tr  est.  lijicd  the  presence  oi  ..  iocrl  one 
Ci.ron  transport  cunn  tin^g  AIP  synthetis 

at  .  couiiinc  sue. 

iO-’o:-:  oi  ii'-vin  ^  roups  ’m.oc.  on- 

\ri  ,'ov;mMy  ch-n^ed  o.  visible' al- 
Si.Orti.  to  correl  re  .vith  oxidative  phosphorylation 
5ntonsity.  In  a  sodel  c^stea,  j'l;  vin+ADP+P. ,  ^ 
photO£cn''i’oili' ed  .»t?  c;nthori''  alone  x"ith^ADP 
free  r- lies' 1  '’ore  detected. 

i.ij  par-  :a;;!ietic  nodel  of  A'’P  sjnthoi.ic  in 
o::i«^»^tive  pnocpi*orjl  aion  was  developed. iiccoriing 
i-o  it,  on  uctivution  of  A  <F  in  ac<.ive  C'.ncer  of 
nTP-sjiithcse  occurs  via  fomation  of  AOP  phospho- 
I'anjl  radical, pocsessinc  hich  afiinitj  to  P. , 

this  radictil  arose  in  oiie-eleciron  local  cn?tin  on 
tri‘*.^erinc  it  nj  energir/  ».ion. 
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PROTCN  HVPERFIHE  RESONANCE  ASSIGNMENTS  IN  CYTOCHROME  C 
PEROXIDASE  AND  THE  GLYCERA  OIBRANCHIATA  HEMOGLOBINS 
Jjtries  D.  Satterlee,  James  E.  Eman  and  loannis  Ccnstanttnfdh 
Oewrtnent  of  Chemistry,  University  of  New  Mexico; 
Albuquerque,  NM,  87131  USA 

The  physiological  role  of  cytochrome  c  peroxidase  is  to 
catalyze  the  hydrogen  peroxide  oxidation  o7  ferrocytochrome 
c  in  yeast  mitochondria.  This  participation  by  peroxidase 
Tn  the  mitochondrial  electron  transport  chain  occurs  via  the 
electron  transfer  complex  formed  between  cytochrome  c  and 
cytochrome  c  peroxidase.  In  order  to  compare  the  proposed 
structure  oT  this  complex  with  an  actual  solution  structure 
we  have  begun  to  make  assignments  of  CeP  hyperfine  shifted 
proton  resonances.  These  include  both  heme  and  non>heme 
protons  and  are  currently  being  extended  to  the  protein 
redox  complex. 

Another  set  of  proteins,  the  hemoglobins  isolated  from 
the  monomer  fraction  of  Glycera  dibranchiata  proteins,  are 
of  interest  for  the  very  important  reason  that  one  nerter  of 
this  group  has  been  shown  to  lack  the  distal  histidine.  Ve 
will  deiionstrate  the  extent  of  heterogeneity  which  occurs 
in  the  monomer  hemoglobin  fraction  and  present  our  initial 
results  o'  ligation  studies  of  individual  purified  conpo* 
nents.  The  replacement  of  the  distal  histidine  by  leucine 
dramatically  affects  the  heme  pocket  ligation  dynamics  and 
we  will  present  our  most  recent  work  on  hyperfine  shift 
assignments  for  both  deuterium  exchangeable  and  non¬ 
exchangeable  proton  resonances  in  the  met-hemoglobins. 
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EFFECTS  OF  AXIAL  LIGATION  AND  PORPHYRIN  UIHERIZA- 
TION  IN  DISTINCT  pH  FORMS  OF  COPPER  CYTOCHROME  C 
J.A.  Shclnutt,  Sandta  National  Laboratories, 
Albuquerque,  New  Mexico,  USA. 

Unusual  features  of  tb«  absorption  and  res¬ 
onance  Raeian  spectra  of  copper  cytochrome  c 

cyt-c)  arc  shown  to  result  fron  axial  llqation 
in  the  neutral  form  and  fron  dinerization  ^he 
Cu  porphyrins  at  pH  extreaes.  A  new  aethod*'  of 
quant  i  tat  i  .le  ly  analyzing  chanqes  in  the  spectra  in 
terns  of  the  HO  parameters  of  the  four-orLltal 
nodel  is  successfully  applied  to  the  problea.  The 
nothod  correctly  predicts  distinct  relationships 
between  band  intensities  and  energies  ''or  aodcl 
aononeric  and  d^neric  aetalloprotoporphyrins 
]M(ProtoPn.  cyt-c  is  shown  to  fall  along  those 
theoretical  curves^  At  pH  extreaes  where  dlneriza 
tion  occurs,  the  '^cyt-c  point  falls  near  the 
Cu(Prot$P)  diBor.  however,  the  point  for  the  pH  7 
fora  falls  near  MgIProtoP)  and  far  from  the 
Cu(ProtoP)  nononcr.  The  latter  result  is  explain¬ 
ed  in  terns  of  the  effect  of  axial  ligation  on  the 
porphyrin-nctal  interaction.  The  interpretation 
given  is  supported  by  resonance  Raaan  and  adsorp¬ 
tion  spectroscopy  of  nodel  Ni  and  Cu  porphyrin 
conplexes  in  coordinating  solvents. 

1.  J.A.  Shelnutt,  K.D.  Straub,  P.M.  Rentzepis, 

M.  Couteraan,  E.R,  Davidson,  Biochemistry, 
in  press. 

2>  «.".A  ShelnMt^t  L.  Pbys  Chsa  ‘e 
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El4?ctro$ta’ic  Intjracticns  During  Electron  Transfer 

Reactions  Between  c-type  Cytochrcrcs  and  Flavodoxin 

Pnricia  C.  Weber  (Subnutted  by  Jares  B.  Mitthew) 

Bepartrent  of  Protein  Engineering 
Cenex  Coiporaticn,  16C20  Industrial  Drive 
Caithcrsbuig*  Miryland  2C6JJ  t&A 

Femcytochronc  c  and  flavoddxin  sctiquinone  fer-»  a  Isl  tl«*ctrco  trans¬ 
fer  corplex  in  vitro.  The  intcrrolccular  rate  of  electron  transfer 
depends  <n  solution  tonic  strength  with  larger  rate  ccnstan*s  observed  jr 
low  ionic  «rength.  Cerputer  rDdelhng  studies  have  suggested  thit  the 
coT>lcx  IS  subillted  by  sait-lirRages  between  lysine  resiAxrs  on  horse- 
heart  cytochrcrc  e  ^nd  aspartate  and  glutarmte  residues  on  Clc-siridiua 
pasteunarun  flaicdcxin  (Siecndscn,  ct  al.,  Biochorastry  (19B2>  2A,  63tb). 
tslrp  s  ixdified  TanfonWUricaxd  theory,  the  corputed  electrostatic 
potential  surfaces  o^  the  isolated  colecules  were  shown  to  be  Urge  and 
opposite  in  sign  (Matthew  et  al,,  Nature  (1^3)  301,  169),  attraction 
ol  these  charged  surfaces  was  proposed  to  accelerate  the  reaction  rate  by 
preo»»cnting  the  molecules  along  a  productive  reaction  pathway  and  preret- 
ing  their  association. 

Corputcr  gr^ics  and  corputaticnal  studies  have  been  extended  to 
inclu^  other  c-t)pc  cytochrcrcs  vhose  electron  transfer  rates  with 
llavodoxin  also  dep^  on  ionic  strength  (Weber,  et  al.,  (1983)  stimtted 
to  J.  Biol.  Chon.).  Taken  together,  the  kinetic  and  corputational 
studies  pxwldc  evidence  for  a  positive  correlation  between  the  rate  ot 
electron  transfer  and  the  extent  of  positive  electrostatic  potential 
ibout  the  eiposcd  herr  edge  of  cytochrcrc  C. 
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PROTEIN  STURCTURES  A.SD  THE  RATES  OF  ELE(;tRON  TRANSFER  RE¬ 
ACTIONS.  A.K.  Churg  and  A.  Wart^hcl,  Departnent  of  Chemistry, 
University  of  Southern  California 

A  microscopic  treateent  of  the  energetics  of  electron  trans¬ 
fer  (ET)  between  proteins  is  described.  Hic  calculations 
treat  the  contribution  of  the  rcorg.mization  energy,  ci,  to 
the  activation  energy  for  ET,  Agt,  and  arc  applied  to  the 
case  of  electron  exchange  between  two  cytochrome  c  molecules. 
The  problem  is  addressed  in  three  stages:  (1)  it  is  shown 
that,  assuming  the  validity  of  the  Marcus-Lcvich  relation, 
figT»(a+AG^)^/»,a,  the  observed  X-ray  structural  differences 
between  reduced  md  oxidized  cytochrome  c  yield  an  estimate 
of  a  which  depends  on  the  electrostatic  interaction  of  the 
redox  active  cofactors  with  the  protein  dipoles  and  Is  rig¬ 
orously  independent  of  the  folding  energy  of  the  protein. 

(11)  A  potential  surface  for  electron  exchange  between  cyto- 
chrones  is  constructed  from  the  X-ray  coordinates  of  the  pro¬ 
tein  atoms.  This  static  eodel  gives  the  same  values  of  g  and 
Agt  and  in  (i>.  (ill)  The  reorganization  component  of  Agi  for 
ET  is  evaluated  by  simulating  the  classical  motion  of  the 
protein  atoms  (including  both  the  protein  folding  and  the 
electrostatic  interactions).  Preliminary  results  for  Ag«  de¬ 
rived  from  trajectories  of  the  oxidized  and  reduced  cyto¬ 
chromes  are  presented  and  vhe  dynamic  approach  is  compared 
to  the  static  model.  The  computed  value  of  a  for  electron 
exchange  at  a  distance  of  8A  is  6.4  kcal/mol  in  the  protein 
system,  whereas  the  corresponding  quantity  is  estimated  to 
be  32  kcal/mol  in  water,  indicating  that  proteins  control  the 
dielectric  relaxation  around  redox  active  groups  In  their 
active  sices. 
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LATERAL  MOBILITY  OF  FLUORESCENT  DERIVATIVES  OF 
CYTOCHROME  £.  IN  MITOCHONDRIA  J.K.  VanderRooI ■ 
G.  Maniara  and  H.  Eree&naka,  Dept,  of  Blochealatry 
&  Biophysics  &  Dept,  of  Pharaacology,  University 
of  Pennsylvania,  Philadelphia  PA,  USA. 

The  technique  of  fluorescence  recovery  after 
photobleachlng  was  used  to  exatslne  the  lateral 
notion  of  cytochroae  Si  hound  to  giant  (2  to  10  u 
dlaeeter)  altochondrla  froa  the  waterbug 
Lethocerus  Indlcus.  Native  cytochrcne  SL 
exchanged  for  Iron-free  ('porphyrin')  eytochroae 
S.*  a  derivative  in  which  the  porphyrin  has  high 
quantun  yield  of  fluorescence.  Xn  the  presence  of 
excess  porphyrin  cytochroae  £  the  appar^t 
diffusion  coefficient  was  6  x  10"  enVsoc  In 
0.|  H  sucrose-aannltol-EDTA  and  3  x  10" 

CB^/sec  in  0.10  M  KCl-0.10  H  sucrose.  At 
concentrations  of  porphyrin  cytochroae  a  which 
are  stoichloaetrlc  with  cytochroae  ^  oxidase,  a 
coaponent  which  showed  no  recovery  during  the  tiae 
scale  of  aeasureeent  was  observed.  We  aake  these 
speculations  on  the  possible  origins  of  the 
laaobillzed  fraction:  1.  cytochroae  oxidase  and 
reductase  say  be  aggregated  into  large  coaplexes, 
2.  the  outer  aeabrane  and/or  folds  in  the  cristae 
nay  iapede  diffusion,  3«  a  protein  aatrlx, 
analogous  to  the  cytoskeleton ,  aay  also  exist  Ir 
altochondrla.  (Supported  by  NIH  HL18708). 
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CALORIMETRIC  AND  KMR  STUDIES  OF  c-LACTALBUMIN 

P.  Sellers,  T.  Orakenberg  and  H.J.  Vogel,  Dept,  of  Physical 

Chenisiry  2,  University  of  Lund,  Lund,  Sweden 

a-Lactalbunins  (^i-Lac)  are  homologous  with  hen  egg  white 
lysotyire.  Using  proton  NXR  nuclear  overhauser  enhancement 
studies  we  have  observed  that  the  folding  of  ti>e  aaino  acid 
residue  Ile95  with  respect  to  Trp60  and  TrpICd  in  the  bovme 
and  human  iLac  is  identical  to  that  of  the  hotnologous  ne98 
and  Trp63  and  108.  The  latter  are  part  of  the  so-called 
hydrophobic  box  ^-ngicn  of  lysotyne.  Notwithstanding  such 
slQliarltles  two  proteins  differ  narkedly  in  their 
capacity  to  bind  Ca**,  Proton  NMR  and  differential  scanning 
calorimetry  studies  show  that  Ca**-'.Lac  reversibly  deo«tures 
around  6$^C  and  that  the  apo  fona  is  only  stable  up  to  25^0. 
Calciuffl-43  and  cadmiura-i13  NMR  studies  indicate  the  presence 
of  one  strong  and  one  weak  Ca**-b1nding  site.  Occupation  of 
the  strong  Ca**-binding  site  can  also  be  followed  using 
titration  nlcrocalorinetry  which  shows  that  binding  of  Ca** 
to  i-Laq  Is  a  strongly  exothermic  process,  similar  for  Ca** 
binding  to  other  calcium-binding  proteins.  Zn^*  binding  to 
apo  i-Uc  occurs  with  a  positive  enthalpy  change  and  so  is 
completely  entropy  controlled.  Themodynanic  parameters 
Pleasured  for  Ci'*  binding  to  Zn**-jLac  indicate  that  binding 
of  both  these  cations  ..  not  necessarily  mutually  exclusive 
as  had  been  suggested  previously. 
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oxygen  ACTIVATION  BY  IRON  CONTAINING  OIOXYGENASES 

J.D.  Lirscop^,  O.M.  Arclero  and  J.w,  Whittaker,  Dept,  of 

Biochemistry,  Univ.  of  Minnesota,  Minneapolis,  MN..  u.S.A. 

Activation  of  0?  for  insertion  into  protocatechuate 
(PCA)  by  intradiol  (Fe’^l  dioxygenases  has  been  proposed  to 
requi'-e  enzyme  nediateU  substrate  ketonizatlon  to  promote 
Oj  attack  on  the  resulting  carbanion.  However,  binding 
kinetics  of  readily  ketonized,  azo-analogs  of  PCA  to  PCA 
3,4  dioxygenase  (3,4  PCD)  suggest,  Instead,  that  PCA  binds 
initially  in  the  phenolic  foro  as  an  fe  chelate,  and  that 
0^  attacks  this  species,  promoting  ketonizatlon.  EPR 
detected,  *'08^  hyperfine  broadening  shows  that  the  Fe  of 
3,4  PCD  has  at  least  one  H2O  ligand  which  is  displaced 
along  with  a  2nd  ligand  by  PCA.  It  Is  now  proposed  that  the 
putative  ketonized  intercediate  is  stabilized  by  a  bond 
betwY-en  one  of  the  vacatable  sites  in  the  Fe  ligation  and 
the  cJstal  atom  of  the  attacking  0^  bond  breaking  and 
insertion  probably  occur  in  this  Fe-organ1c  peroxo  species. 
The  (>2  activation  reaction  catalyzed  by  extradiol  dioxyge¬ 
nases  such  as  PCA  4,$  dioxygenase  appear  to  differ 
markedly.  The  active  site  Fe  is  ferrous  and  can  bind  NO  to 
give  an  S«3/2,  EPR  active,  species.  This  species  is  drama¬ 
tically  altered  by  PCA  suggesting  that  both  PCA  and  NO  are 
bound  to  the  fe.  No  spectroscopic  or  kinetic  experiments 
indicate  that  0^  is  bound  by  the  Fe  of  resting  enzyne.  We 
suggest  that  O9  activation  occurs  In  an  oxy-enzyme- 
substrate  complex  and  may  be  again  promoted  by  coordination 
of  oiy  species  in  vacatable  sites  of  the  Fe  ligation, 
(Supported  by  NIGHS  24689). 


TH£  CRYSTAL  STRUCTURE  OP  MANGAJ.ESE  SUPEROXIDE  . ’-S.''.UTASE 
PROM  BACILLUS  SIEAROTHERKOPHZLUS 

R.  Karlsson.  L.K.  Weaver,  J.D.G.  Snt,  R.A.  ^'auptxt  and  J.K. 
Jansonius,  Biozentrua,  University  of  Basel,  Klingelberg- 
strasse  70,  CH-4056  Basel,  Switzerland. 

X-ray  data  to  2.5  A  resolution  of  Kn  SOD,  an  o-j-diaer 
froa  B.  stearotheraophilus,  crystal  fora  D  with  one  d'xer 
per  asyoaetric  unit  (Sait  et  (1977),  J. Mol. Biol.  112, 
491)  were  collected  several  years  ago,  but  the  phase  problea 
could  not  be  solved.  D.  Ringe  and  G.  Petsko  at  M.Z.T,  re¬ 
cently  solved  the  presumed  hoaologous  structure  of  Pe  SOD 
froa  Ps.  ovalis  and  kindly  supplied  us  with  their  data. 
Cross-  and  self-rotation  function  runs  at  4,5  ^  with  a  new 
program  (ICarlsson,  in  preparation)  gave  consistent  results, 
thus  establishing  the  structural  homology  of  the  two  enzyaes 
and  the  orientation  of  the  aolccular  dyad  of  Mn  SOD.  The* 
molecular  position  was  determined  with  the  translation  func¬ 
tion.  Phases  from  the  Fe  SOD  dimer  in  the  Kn  SOD  unit  cell 
confirmed  previously  determined  heavy  atoa  positions  in  five 
derivatives.  MIR  phases  froa  these  were  refined  by  local 
syreaetry  averaging  using  a  lu-thod  based  on  Shannon  interpo¬ 
lation  in  reciprocal  space  (R.  Karlsson,  in  preparation). 

The  polypeptide  chain  of  known  sequence  (Brock  &  Walker 
(19d0),  Biocnemistry  19,  2873-2882)  is  being  built  into  the 
resulting  "best"  electron  density  aap  with  the  use  of  an 
E  s  8  PS  300  graphics  display  system.  The  molecule  is  very 
sinilar  to  Pe  SOD  and  the  Kn  positions  correspond  to  those 
of  the  iron  atoms  in  Pe  SOD. 
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DYNAMIC  RELATIONSHIPS  0?  LIPID  AND  REDOX  PROTEIN  UTERAL 
DIFFUSION  REVEALED  IN  MITOCHONDRIAL  INNER  MEMBRANES  OF 
VARYING  PROTEIN  DENSITY.  B.  Chazottc.  E.-S.  Wu  and 
C.R.  Hackenbrock,  Labs,  for  Cell  Biol.,  Dept,  of  Anatomy, 
Untv.  of  North  Carolina,  Chapel  Hill,  NC  27514  USA 

Fluorescence  recovery  after  photobleaching  (FRA?)  was 
utilized  to  measure  the  lateral  diffusion  of  the  lipid 
analog  3-3*  dihexyldecylindocarbocyanine  (DIX)  and  selected 
itsaanofluorescent^y  labeled  Edtochondrial  redox  proteins  in 
Intact  rat  liver  mitochondrial  inner  mcabranes.  The  low  pH 
method  of  Schneider  et  al.  (PNAS  22ill2,  1080)  was  etsployed 
to  enrich  the  inner  membrane  in  phospholipid.  The  calcium 
fusion  method  of  Chazotte  et  al»  (Fed.  Fr>e.  £2:2170,  1983) 
was  then  used  to  fuse  these  enriched  meabranes  to  a  diameter 
of  10-200  pwhich  are  then  suitable  for  FRAP.  Freeze  frac¬ 
ture  electron  ’Ueroseopy  confirmed  that  the  above  membranes 
have  randomly  dlatributed  proteins  with  the  same  density  as 
the  lipld-enrlched  membranes  from  w(ilch  they  are  formed. 
Lipid  lateral  diffusion  was  found  to  Increase  as  the  protein 
density  decreased.  Lipid  diffusion  was  also  found  to  have  a 
greater  temperature  dependence  in  native  (protein  dense) 
membranes  than  in  pure  lipid  membrane  aystema.  The  tem¬ 
perature  dependence  was  found  to  decrease  as  the  protein 
density  was  decreased  by  lipid  enrichment  of  the  inner 
aeabrane.  The  rate  at  which  redox  proteins  diffuse  appears 
to  be  influenced  by  the  overall  protein  density  as  well. 
These  results  Indicate  that  dynamic  interactions  at  high 
protein  density  limits  the  rate  of  lateral  diffusion  of  the 
membrane  components.  $uppor*^ed  by  NSF  PCH79-10968  and 
NIH  CM  28704  to  CRH. 
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CRYSTAllOCRAPK.C  vlCDliS  OF  TH1  FERRLDOXIN  I  fron 
'  'y -J-.*  (Norway)  J.  l.P.  Aatxer  and 

H.  ire/  cwici-LNRN  H\Rt>ULU  0288  CDX  9  France. 

In  th»  auli Jte-redut inj?,  bacteria  from  the  }.enus  - 

F* rredoxin-i  which  serve  as  ele.rron  c.irriers  are 
a*.5.ociatid  either  with  the  r.-duction  of  sulfat**  to  SH2,  or 
vich  th,  rvil<cul.)r  ii/  exchanges  with  other  bacteria  through 
Hvdroivnase.  The  Firredoxin  1  Iroa  D.  d,(Nowayi  is  a  di¬ 
rect  phvsiolo/ical  partner  of  a  4  hiem*.  «.>tcchrone  :  the 
c)  which  behaves  itself  ar  .v  cofactor  of  tht  HvdrOi?ena!»e. 

ISe  3d  structure  of  the  cj  from  this  sane  orj?anis»  has  al¬ 
ready  been  cctermirt d  in  c  T  laboratory. <Ha>er  et  il, 

Nature  1979- JdZ.  p.  bOb  ;  Purrot  et  al.  J.S.C.  l98;-257, 
p.  14341),  Ferredo<in  1  is  a  stwll  protein  <M.U.  bOyoV  which 
contains  one  luster  of  foar  irons  and  four  labile  suliurs. 
Diffraction  data  ti  m  the  nativt  protein  crystals  (Cubic, 

>  •  A,  S.C,  P423Z)  were  collected  at  4.5  K  resolution  on 
a  diffractometer  ..oupled  to  a  rotatin,'  anode  X-ray  lube. 

Dat  1  collertions  for  three  potential  heavy-atom',  derivative^ 
(at  4.5  A  res.)  ai«  underway.  Ccoputer  graphics  stuJie'  .uve 
been  attempted,  on  the  basis  of  sequence  hooologie  vith  the 
ierredoxin  froa  '-.it-  3d  «ructure  of 

which  is  already  known '(Adman  et  a”l.  I.B.C.  1974-2^^,  p. 
3987)  they  sugyesi  that  an  hydrophobic  zone  on  the  surface 
of  the  molecule  which  surrounds  the  cluster  as  well  as  some 
close  acidic  residues  should  play  a  role  in  the  recognition 
process  with  vhe  cv 

Collaboration  with  F.  Cuerlesquin  and  H.  Brischi  ICB- 
CNR8  Marseille  France. 
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LIPOSOME-ENCAPSULATED  HEMOGLOBIN.  BIOPHYSICAL 
PROPERTIES  OF  A  RED  CELL  SURROGATE 
M.C.  Fatfcxt  4nd  B.P.  Gaber,  Biomolcculat  Optics  Section. 
Code  6510.  Naval  Rcseatch  Lab,  Washington  DC,  USA. 

Liposome-encapsulated  hemoglobin  (LEH)  is  being 
developed  as  an  emergency  resuscitation  Iluid. 
Oxygenation  of  LEH  is  reversible  and  cooperative,  oxygen 
affinity  can  be  modulated  by  co-encapsulation  of  organic 
phosphates.  Our  standard  liposomal  membrane  composition 
is  dimyristoyl  phosphatidylcholine:cholesterol:dicetyl 
phosphate  in  a  OHiO.J  molar  ratio.  A  dispersion  of  lipids 
in  stroma-^free  hemoglobin  is  extruded  through 
controlled-por e  size  membranes  to  produce  a  neatly 
monodispetse  suspension  of  largely  unilamellar  vesicles  0.4 
microns  in  diameter.  Repulsive  forces  due  to  the  negative 
charge  on  the  dicetyl  phosphate  prevent  signiiicanr 
aggregation  or  fusion  during  storage.  Serum  free  Ca**"^ 
levels  induce  reversible  aggregation  but  not  fusion.  No 
hemolysis  is  detected  in  a  suspension  of  erythrocytes  ar 
LEH  incubated  at  37  C  for  $  hours.  Circulation  half-life 
of  LEH  averages  5.5  hours  in  mice  presented  with  a 
volume  equivalent  to  30%  of  blood  volume,  with  i00% 
survival  of  the  mice.  Circulation  half-life  varies  with 
phospholipid  chain  length.  Infusion  of  LEH  into  an 
isolated  rabbit  heart  preparation  yields  measurements  of 
coronary  resistance  which  parallel  those  for  infused 
erythrocytes.  Viscometry  measurements  show  the  LEH  to 
have  a  pattern  of  non-Newtonian  viscosity  similar  to  that 
of  cry throcytes.  (Supported  by  the  Office  of  Naval 
Research.) 
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ELECTRON  TRANSFER,  <^<YGFN  ACTIVATION  AND  SUBSTRATE 
TRANSFORMATION  MEDIATED  BY  ALKALINE  HAEMIN 
P.A.  Adarrs,  C.  Adams,  MRc  Biomembrane  Research 
linit,  ITeVartment  of  Cher.ical  Pathology,  University  of 
Cape  Town  Medical  School,  Cape  Town,  Republic  of 
South  Africa. 

Haenin  at  high  pH  in  the  obligatory  presence 
of  substrate  ^aniline?,  molecular  oxygen  and  re<^uctant 
(NAD(P'H)  mediates  oxygen  activation  to  the  HO2” 
anion,  and  regiospecifically  hydroxylates  the  substrate 
to  p-aminophenol.  Axial  ligands  of  the  iron  (pyridine 
and  cyanide)  inhibit  in  a  non-competUive  manner  with 
aniline.  However,  studies  with  compounds  which  bind 
by  plananf  bonding  interactions  to  the  tetrapyrrole 
ring  system  (N-methyl  pyridinium  ions)  indicate  that 
aniline  interacts  with  two  sites  on  the  haemin,  at  one 
of  which  we  observe  competitive  inhibition.  Side 
chain  modification  of  the  haemm  vinyl  groups  to 
hydrogen  of  methyl  does  not  affect  catalysis,  however 
methylation  of  the  propionic  acid  side  chains  inac¬ 
tivates  the  catalyst.  We  conclude  that  (1)  interaction 
of  aniline  with  haemm  occurs  via  ring  to  ring  tT 
bonding  interactions  at  either  of  the  two  pyrrole  rings 
with  propionate  side  chains  attached  (2>  the  propionic 
acid  side  chains  must  be  in  the  anionic  fo^m  for  inter¬ 
action  and  (3)  the  haemin-aniline  interactions  are 
necessary  for  electron  transfer  from  reductant  to  the 
iron  atom.  Interactions  of  this  type  could  provide 
pathways  lor  electron  transfer  during  oxygen  activation 
by  the  cytochrome  P-450  group  of  enzymes. 
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INDUCED  CD  AND  METAL  NMR  STUDIES  OK  METAL-CALMODUHN  AND 
DRUG-CAI.MODUHS  INTERACTIONS 

T.  Shtalzu  and  M.  Hatano,  Chea.  Res.  Znst.  Non-Aqueous  Soln. 
Tohoku  Unlv>*  Kacahira,  Sendai  980,  JAPAN 

Induced  CD  and  accal  NMR  spectroscopies  have  been  used  to 
study  &etal-calaodulin(CaM)  and  drug-CaM  interactions.  An 
antipsychotic  drug,  crifluoperazlne(TFP) ,  gave  rise  to  a 
large  positive  CD  band  at  265  na  corresponding  to  a  absorp¬ 
tion  peak  of  TFP  when  Ca^'^-frec  CaM  was  added  to  the  TFP 
solution.  This  positive  peak  was  dialnlshed  by  adding  alka¬ 
line  cations  such  as  K'*'  or  Na^.  In  contrast,  adding  Ca2+  to 
the  TFP-CaM  solution  induced  a  large  negative  CD  band  at  260 
no.  Other  bivalent  cations  such  as  Mn^^,  Cd2+  or  Zn2+  also 
induced  large  negative  CD  bands  of  TFP.  The  oagnitudes  of 
the  negative  induced  CD  bands  of  the  TFP-CaM  in  distilled 
water  were  such  larger  than  those  in  KCl  solutions.  NMR 
band-width  of  the  Ca24'.CaM  solution  was  oarkedly  decreased 
by  adding  TFP,  but  not  by  K+.  25Mg  !WR  band-width  of  the 
Mg2^-CaM  solution  was  oarkedly  decreased  by  adding  Ca24-  or 
K+,  but  not  so  euch  by  TFP.  672n  KMR  band-width  of  Za2+-CaM 
in  K+  solution  was  narrower  than  that  in  Na+  solution.  67zn 
KMR  band-width  of  Che  Zn2+-CaM-K+  solution  was  oarkedly  de¬ 
creased  by  adding  Ca2+,  but  that  of  the  Zn2'*‘-CaM-Na'^  solu¬ 
tion  was  not  changed  by  adding  Ca^"*".  band-widths  of 

the  K*-CaM  and  K+-CaM-TFP  solutions  were  oarkedly  decreased 
by  adding  Ca2'^.  Froo  these  findings.  It  was  suggested  that 
(1)  A  negatively  charged  region  in  the  CaM  cuileculc  par^'ici- 
pates  in  the  TFP-CaM  binding;  (2)  Mn2+,  Cd2+  and  Zn2+  en¬ 
hance  the  TFP-CaM  binding  as  does;  (3)  K+,  Mn2+,  Cd'^'^ 
and  2n2+  bind  at  a  Ca2+-hlgh-af f inlty  site  of  Ca.M. 
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RESONANCE  RAMAN  SCAnERiNC  STUDIES  0?  REDUCED  LOWSPIN  FORMS 
OF  CYTOCHROME  OXIDASE 

D.  L.  Rousseau,  P.  V.  Argadc  and  Y.  C.  Ching,  ATiT  Bell 
Laboratories,  Murray  Hill,  NJ  USA 

Resonance  Raoan  Scattering  studies  have  been  carried 
out  on  the  fuUv  reduced,  carbon  oonoxlde  bound,  ardevanide 
bound  fores  of  cytochroac  c  oxidase.  Vibrational  oodes  are 
identified  which  characterize  the  spin  state  in  the  fully 
reduced  fortss  of  the  protein.  The  cyanide  bound  fora  of 
the  fuUv  reduced  enzyae  has  a  spectrua  different  froa  that 
reported  previously.  We  show  that  in  the  previously 
reported  data  partial  oxidation  had  occurred.  The  evanide 
bound  fora  we  detect  has  the  spectrua  expected  for  a  low 
spin  heac.  In  carbon  aonoxy  cytochroac  oxidase  the  Fe-CO 
stretching  node  and  the  Fe-C-0  bending  mode  have  been 
located  at  520  and  578  cb“^  respectively.  Analysis  of 
these  frequencies  shows  that  the  CO  adopts  a  linear  but 
highly  tilted  configuration  in  cytochroae  oxidase.  In 
addition,  wo  find  that  the  proximal  histidine  is  strained 
in  both  the  fully  reduced  and  the  ligand  bound  forms. 

These  tlndlngs  can  account  for  the  low  binding  affinity  of 
the  CO  to  the  cnzytac. 
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NUCLEAR  MAGNETIC  RESONANCE  STUDIES  OF  THE  INIERAaiON  OF 
aLCIUM,  YTTERBIUM,  AND  IUT5TIUM  WITH  PORCINE  INTESTINAL 
CALCIUM  BINDING  PROTEIN 

J«C.  Shelling.  B.D.  Sykes,  and  T.  Hofaann,  Departnent  of 
Biochealstry,  The  University  of  Alberta,  Edeonton,  Alberta, 
Canada  (T.H.  is  with  the  Departoent  of  Biochealstry.  The 
University  of  Toronto,  Toronto,  Ontario,  Canada). 

A  novel  analysis  of  data  obtained  froa  the  titration  of 
porcine  Intestinal  calciua  binding  protein,  in  the  presence 
of  the  coapeting  chelator  EDTA,  has  led  us  to  conclude  that 
this  protein  binds  two  mole  equivalents  of  calciua  In  a  non- 
cooperative  oanner,  with  kd|skj2*IJ'I0*^M.  In  the  presence  of 
calciua,  the  protein  was  observed  to  bind  one  aole  equivalent 
of  the  paraoagnetlc  lanthanide  ytterblua,  with  k^-Yb^Vk^- 
Ca*2<o.|8;  the  lanthanide-induced  shifts  were  broad  at  rooa 
temperature.  The  observed  effects  of  Increasing  teoperature 
and  KCl  concentration  upon  the  lanthanide-induced  shifts 
supported  the  proposal  chat  these  resonas,ccs  were  broadened 
due  CO  their  close  proxiaity  to  the  yccerbiua  Ion  in  Che 

-substituted  aetal  binding  sice  of  the  protein.  Furthei 
studies  have  shown  that,  in  Che  absence  of  calciua,  the 
lanthanide  binding  properties  of  the  protein  differ  froa 
Chose  observed  in  the  presence  of  calciua.  Two  sole  equiva¬ 
lents  of  the  trivalent  lanthanide  lutetlisa,  which  is  slatlai 
CO  ytterblua  in  both  size  and  other  physical  properties 
(except  that  it  Is  diaasfuietic),  bound  to  the  apoprotein  In 
a  sequential  aanner.  with  k<ji<10*^M  and  kd2'*2xlO''^H.  The 
binding  of  the  second  aole  equivalent  of  lutctiua  by  the 
protein  had  li^ile  effect  on  the  proton  nuclear  aagnecic 
resonance  spectrua,  and  the  presence  of  excess  lutetlua 
resulted  In  orocein  acereeaclon. 
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MAGNETIC  SUSCEPTIBILITY  STUDIES  OF  SOYBEAN  LIPOXYGENASE-l 
U  Petersson^,  S.  SlapperJel®,  M.  Felters°4J.F.C.  Vliegenhart^ 
?0ept .  of  Biophysics,  Univ.  of  Stockhola,  Stockhola,  Sweden, 
"Oept.  of  Bio-orgsnic  Chemistry,  State  Univ.  of  Utrecht, 
Utrecht,  The  Netherlands. 

Lipoxygenase  (linoleate:  oxyger,  oxfdoreductase,  EC1.T3. 
11.12)  IS  a  non-heae  iron  dioxyge.nase  which  catalyzes  the 
dioxygenation  of  polyninsaturated  fatty  acids  containing  a 
1,4-cjs,cis-pentadiene  systea.  Upon  incubation  of  Unoleic 
acid  “with  soybean  lipoxygenase-)  at  pH  9.0,  IS-L.-hydroperoxy 
9-cis,)1’trans-octadecadienQic  acid  (IJ-L-HPOD)  is  foraed 
alBost  exclusively. 

Soybean  lipoxygenase-)  contains  one  aol  of  iron  per  aol 
protein.  The  iron  of  the  native  enzyae  is  in  the  high-spin 
Fe(Il)  state.  Addition  of  an  equivalent  aaount  of  )3-L-HP0D 
to  the  native  enzyae  gives  a  yellow  fore  which  is  enzyaatic* 
ally  active.  In  this  fora  roughly  751  of  the  iron  is  EPR- 
detectable  as  high-spin  Fe(III>.  The  yellow  fora  can  be 
reduced  with  Unoleic  acid.  In  an  aerobic  systea  the  dioxy¬ 
genation  reaction  is  then  fulfilled.  Anaerobic  addition  of 
Unoleic  acid  gives  an  EPR-silent  enzyae  fora. 

Magnetic  susceptibility  studies  have  been  performed  in 
the  temperature  range  10-170  K  for  different  enzyae  foras. 

The  results  give  additional  infomation  on  the  spin  state 
of  the  iron  as  well  as  the  syaaetry  of  the  iron  envirenaent. 
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THE  HAEM  STRUCTURE  AND  HAEM  LIGANDS  IN  MYELOPEROXIDASE  AS 
STUDIED  BY  RESONANCE  RAMAN  AND  EPR  SPECTROSCOPY 
B.6.J.H.  Bolscher,  R.  Wever  and  G.T.  Babcock* 

Lab.  of  Biochenistry,  Univ.  of  Assterdata,  P.O.  Box  201S1, 

1000  HO  AfflsterdajB,  The  Netherlands  and  *0ept.  of  Cheaistry* 
Michigan  State  Univ.,  East  Lansing,  Michigan  48824,  U.S.A 
Myeloperoxidase  frora  hunan  leukocytes  contains  a  chroiao- 
phore  with  an  unusual  structure  and  which  is  covalently  link¬ 
ed  to  the  polypeptide  chain.  Both  an  iron-chlorin  species  anc 
a  porphyrin  species  with  a  fortayl  substituent  have  been  sug¬ 
gested  to  be  present.  To  establish  the  structure  we  have 
studied  the  enzyr.e  by  resonance  Raaan  spectroscopy.  The  Ranan 
spectra  of  nyeloperoxidase  under  various  valence  and  iron  li¬ 
gation  states  are  corplex.  No  evidence  is  found  for  unusual 
electrophilic  substituents  such  as  a  fomyl  group  in  conjuga¬ 
tion  with  the  raain  chronophore.  The  ftaaian  spectra  show  that 
the  haem  iron  in  the  resting  enzyme  is  six-coordinate  high- 
spin.  Binding  of  cyanide  produces  a  six-coordinate  low-spin 
species  and  in  the  ferrous  form  the  haeo  iron  is  five-coordi¬ 
nate  high-spin  EPR  spectroscopy  of  nitrosyl  ferrous  myeloper 
oxidase  shows  that  the  paramagnetic  centre  has  rhombic  syrrse- 
try.  A  hyperfine  structure  is  found  of  nine  lines  on  the  cen¬ 
tral  resonance  line,  originating  from  a  triplet  with  a  hyper¬ 
fine  splitting  of  0.69  mT  superimposed  upon  another  triplet 
with  a  hyperfine  splitting  of  2.34  mT.  Substitution  of 
by  iSNO  results  in  a  hyperfine  splitting  of  six  lines  (Ai= 

3.22  nT,  Ags  0.6  nT).  These  results  defnonstrate  that  a  nitro¬ 
gen  atan  is  present  in  myeloperoxidase  as  an  axial  haem 
ligand. 
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NMR  STRUCTCRAL  STUDIES  OS  THE  CALCIUM  BINDING  PROTEINS. 

T.C.  Ullliaas,  D.C.  Corson,  L.  Lee,  L.E.  Kay,  M.R.  Bjornson 
and  B.D.  Sykes*.  Department  of  Biccheoxstry  and  MAC  Croup 
on  Protein  Structure  and  Function,  University  of  Alberta, 
Edmonton,  Alberta  T6G  2U7. 

and  *^*Cd  NKR  spectroscopy,  optical  stopped  flow 
methods,  and  lanthanide  substitution  have  been  used  to  char-^ 
acterite  the  structure  and  function  of  the  calcium  binding 
domains  of  several  calcium  binding  proteins.  Lanthanide 
shifted  NKR  spectra  have  been  used  to  compare  the  struc¬ 
ture  in  solution  of  the  EF  hands  of  parvalbuoins  from 
several  species  (Carp,  Buffalo  fish.  Pike,  rat,  rabbit, 
Whiting,  frog)  which  arc  shown  to  be  very  similar.  The  dif¬ 
ferences  in  structure  can  be  explained  in  terms  of  the  amino 
acid  subseltuticns  between  proteins.  The  variation  of  the 
stoichiometry  and  kinetics  of  the  binding  of  calcium  and  the 
lanthanide  series  of  metal  ions  has  allowed  us  to  elucidate 
a  particularly  simple  picture  of  the  interactions  of  octal 
ions  with  the  CD  and  EF  domains  of  carp  parvalbuoin  which 
are  shown  to  be  functionally  different.  Further,  ve  have 
prepared  specific  derivatives  of  carp  parvalbuoin  to  inves¬ 
tigate  Che  role  of  the  F  helix  in  the  E  hclix-calciuo  bind- 
ing-loop-F  helix  domain.  These  derivatives  involve  the 
sequential  removal  of  the  F  helix  one  amino  acid  at  a  time. 
The  results  indicate  the  important  role  of  residue  102,  and 
the  strong  interaction  between  the  two  binding  sites 
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TKB  REACTION  BETWEEN  NITRITE  AND  HEMOGLOBIN. 
INFLUENCE  OF  OXYGEN  AND  TEMPERATURE.  F.  Jung  and 
B.  Ebert,  Inst,  of  Moleculorbiolo^,  Berlin-Buch 
DDR. 

The  autccatslytic  oxidaticn  of  heasoglobin  by  nitrite  was 
snalysed.  The  Intersedlate  p^g‘flmag^etic  species  has  a  strong 
teoperature  dependence.  The  tiose  of  emmlhilation  decreases 
between  10  and  30  C  about  4  tliaes,  the  tlise  of  fonnation 
cnly  1,7  tiaes.  This  plains  the  unusual  tec^perature  de- 
pendaice  of  the  total  reaction:  decrease  of  the  reactlcn 
rate  with  increasing  teniperature  for  hcffioglcbin  of  rats  and 
guinea  pigs,  wereas  the  reaction  rate  for  br&sn  hetooglobin 
does  not  change  with  temperature. 

If  the  sutocatalytic  reaction  is  quenched  by  antio:V“ 
dants  (p.e.  ascorbic  acid)  tne  reissiinlng  slow  oxidaticn  of 
hemoglcbin  by  nitrite  is  inhibited  by  oxygen.  This  reaction 
has  a  p^itive  tereperature  dependence.  Using  a  flow  systen, 
we  deaonstrate,  that  the  sutocatalytic  reaction  is  not  in¬ 
fluenced  by  the  oxygen  pressure  as  Icng  as  the  hesxiglobin 
reasalns  fully  oi^genated.-  These  findings  support  our 
assutspticn,  that  heooglobln  bound  oi^rgen  and  edso  hesaoglobin 
bound  superoxide  anion  is  essential  for  autocatalysis. 
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Tri£  CKTSTAL  &TRUCT>»?ll  Of  A  'SALT-LOVI'.O*  fcRfiECCXII.  F^v  . 
HALOdAUTSftlJ.'  Of  Til£  O-hP  P£A. 

l.Shohaa*  ,  J.L.iussofiO*-,  -i.Msrcl*  ontf  ‘Th' 
♦leiinino  Inst,  of  Science,  Structurvl  Ci'enisvry,  Acaovot, 
Israel.  ♦N'I'i,  XIADOK,  BethesCa.  Md.  20205,  J.S.A. 

‘‘xtrcao  *»ialo?*iiUc'  bacteria  are  unique  In  the  recln  o.'’ 
living  organisms  since  their  cellular  interiors  are 
approxinately  in  XCl.  The  survival  of  these  microorganisms 
depended  o.n  the  ability  of  their  proteins  to  have  adapted  to 
their  extreme  environment.  A  2Fe-2S  ferredoxln  fron 
halobacteria  of  the  Dead  Sea  has  been  isolated,  crystallized, 
and  is  an  example  of  an  extrenely  halophiUc  protein  in  wh.ch 
a0/l2$  residues  are  aspartic  or  glutanic  acid.  Fhase 
information  was  obtained  by  the  following  mewns:  D  a  single 
Isooorphous  platinum  derivative.  2)  anomalous  scattering  of 
the  iron-sulfur  cluster,  3)  real  space  three-dimensional 
search  techniques  using  as  a  model  tne  known  st-ucture  of  a 
homologous  2fe-2S  ferredoxln  from  the  blue-greer  algae  s. 
platensis  a)  automatic  enveloping,  density  modification,  and 
phase  extension  &  combination  (Bhat  &  Blow,  Acta  Cryst. 
(19b2)  A^,  21-2$,  >  and  5)  least-squares  refinement  of  a 
partial  structure.  An  iterative  use  of  these  methods 
lesulted  in  an  electron  density  mop  at  2.2  8  resolution,  from 
which  we  have  been  able  to  trace  about  $0*  of  the  polypeptide 
Cham  and  to  see  most  of  the  side  chain  groups.  Tne  bulk  of 
the  balobccteria  ferredoxln  structure  is  quite  similar  to 
oon-halophilic  s.  platensis  ferredoxln,  except  for  a  striking 
addition  of  a  highly  negitively  charged  22-residue  egment  at 
the  amino  terminus  which  is  located  far  from  the  iron-sulfur 
cluster. 
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STRUCTURAL  COMPARISONS  AND  HEAT  STABILITY  IN  FERREOOXINS 
ISOLATED  FROM  KESOPHILE  AND  THERKOPHILE  BACTERIA 
H.  Bruschl  and  F.  Guerlesquin,  Labordtoire  de  Chiale 
BacWHenne,  C.N.R.S..  B.P.  71,  13277  Marseille  Cede*  9. 
France 

Ferredoxins  are  among  the  simplest  iron  sulfur  proteins. 
They  function  as  electron  carriers  in  a  number  of  biological 
oxidation  reduction  processes.  The  comparison  of  their  amino 
acid  sequences  shows  that  they  are  phylogenetically  related 
but  they  present  various  types  of  iron  sulfur  clusters.  The 
study  o'  the  influence  of  the  protein  structure  on  the  difie 
rent  type  of  cluster  arrangements  and  on  their  inherent  sta¬ 
bility  is  in  intensive  development.  In  the  sulfate  reducing 
bacteria,  0.  desulfuricans  Norway,  two  different  ferredoxins 
have  been  characterized.  Fdll  is  a  2  (4  Fe-4  S)  ferredoxln 
very  sensitive  to  0^  and  to  temperature  fluctuations.  The 
loss  of  the  second  clu$t*‘r  In  0.  desulfuricans  .Norway  Fd  I 
and  in  D.  gigas  ferredoxln  is  associated  to  the  disappea¬ 
rance  oF  two  cysteines.  In  0.  gigas  ferredoxln  the  presence 
of  six  cysteine  residues  allow  ine  same  polypeptide  chain  to 
accomodate  two  types  of  iron  sulfur  cores,  namely  (4  Fe-4  $) 
Fd  I  and  (3  Fe-3  S)  Fd  11.  0.  africanus  Fd  I  which  contains 
4  cysteine  residues  represents  the  most  simple  case  of  one 
(4  Fe-4  S)  cluster  ferredoxin.  The  determination  of  the 
amino  acid  sequence  of  the  2  (4  Fe-4  S)  clusters  ferredoxln 
isolated  from  Clostridium  thenaocellun  provides  an  example 
of  a  thermostable  f^edoxfn.  crystals  suitable  for  three  di- 
caensional  structure  determination  have  been  obtained  both 
frcQ  the  instable  ferredoxin  I  from  0,  desulfuricans  Norway 
and  from  the  thermostable  ferredoxin**froQ  c.  theimocellua. 


HEHOCYANIN  DERIVATIVES  FLWRESCENCR.  M  Aivifpi.  I  RicchrUi. 
B  Salvato  Dept  of  Lniversitv  of  Tiiiaova 


The  txo  copper  ions  »n  the  ictive  site  of  Octopus  Me  are 
kineticallv  distinct  b«*in?  re-oved  m  sequence  by  KCN  lilien 
the  netal  is  j^rnlueilly  renoved,  the  intrinsic  fluorescence 
increases  iinesrlv  and  reaches  the  quantu-i  yield  of  the  apo- 
-protein  uhen  sboat  hOt  of  the  -leta'  is  lost  Further  renoval 
of  copper  cause‘s  no  further  chanp.es  This  indicates  that  the 
quantuA  yield  of  the  hill-apo  derivative  is  equal  tv>  that  of 
the  apo-protein,  actually  of  the  two  copper  ions  ,n  the  acti\e 
site  only  the  fast  reactin^i^  has  quenching  effect  The  J'uore- 
scence  of  the  He  derivatives  as  ^.o-pared  with  that  of  oxy-Hc 
(native)  IS 


lie 

Oxy  (native) 
Do  -Oxy 
Apo 


0/Q 

I 


lie 

Half-apo 

Kalf-MET 

MET 


Q/Q 

b 

1.7 

1.8 


The  decrease  ol  the  fluorescence  fro®  Apo-  to  Deoxy-Hc  l8  due 
to  the  "heavy  netal  effect**  of  the  fast  reacting  copper.  The 
decrease  from  Denxy-  to  Half-MET  snd  MET  He  is  due  to  parajMi= 
gnetic  etiect  af  the  "fast  reacting  copper*'.  The  decrease  of 
quantun  yield  froo  aetai  oxidized  derivatives  to  Oxy-Hc  can 
be  attributed  to  the  energy  transfer  due  to  overiapplhg  bet* 
ween  the  intrinsic  fluorescence  eaission  band  (A  330  h*) 
and  the  copper  oxygen  absorption  band  (A  350 
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INFLUraCE  or  A  DIFFUSIVE  KtSLEAR  COOROIKATE  IK  VERV  LARGE 
DISTWiCE  ElECIROSJtRAMFER,  V.ll.  Onuchle  and  J.J.  Hopflold, 
Division  o£  Oieatistry  and  Chcctical  Engineering.  California 
Xnttltute  of  Technology,  rasadena.  California.  USA 

The  distant  clectron^transfers.  with  redox  groups 
well  separated,  arc  essential  to  biological  electron  trans> 
fer  and  photosynthesis,  and  can  be  studied  in  chc&ical 
systens  as  well.  The  conventional  theory  is  based  on  the 
supposition  that  the  potion  of  nuclear  coordinates  arc  ^ast 
compared  to  a  snail  electronic  paraaeter.  T/?^.  vher;  T  is 
the  electronic  natrix  clenent.  Cross  notion  of  protein, 
solvent  polarization,  and  the  notion  of  counter-ions  arc 
often  diffusive  events,  and  thus  can  have  characteristic 
frequencies  of  "zero".  Thus  under  sone  circunstances, 
there  arc  inportant  frequencies  which  aust  be  less  than 
any  reasonable  T/h.  A  theoretical  sodol  able  to  include 
these  slow,  diffusive  notions  in  the  electron-transfer 
theory  is  developed  in  this  work,  wo  consider  the 
applicability  of  this  nodel  to  zeal  systetas. 


129 

THE  EFFECTS  OF  OICYCIOHEXYLCARBOOIIMIOE  ON  ENERGY  TRANSDUC¬ 
TION  IN  COMPLEX  HI  (CYTOCHROME  b-Ci)  OF  THE  MITOCHONDRIAL 
RESPIRATORY  CHAIN  0,$.  Beattie,  ^.“CleJ^n  and  6.  Rosch,  Dept 
Bfocheffl,  Mount  Sinai  School  Medicine,  New  York,  NY,  USA. 

Treatment  of  complex  III  from  yeast  mitochondria  with  di- 
cyclohexylcarbod.inide  (OCCO)  either  betore  or  after  incor¬ 
poration  into  proteoliposomes  resulted  in  a  loss  of  clcctro- 
genic  proton  movements  without  a  significant  decrease  in  the 
rate  of  electron  transfer  from  ubiquinol  to  cytochrome  c. 
Similarly,  addition  of  OCCO  to  rat  liver  mitochondria  caused 
an  inhibition  of  proton  ejection  but  not  electron  transfer 
frem  succinate  to  cytochrome  c  suggesting  that  OCCO  nay  act 
by  "uncoupling  "proton  translocation  from  electroo.trans- 
port.  Incubation  of  the  yeast  coiftplex  III  with  [*^C]0CC0 
jnder  these  conditions  resulted  in  a  time,  temperature,  and 
concentration  dependent  binding  of  OCCO  preferentially  to 
cytochrome  b  and  phospholipids,  Pretreat/nent  with  antioycin 
A  decrease<rthe  binding  of  OCCO  to  cytochrome  b:  pretreat- 
■^€01  of  the  complex  with  OCCO  affected  the  bin'^ing  of  anti- 
nycin  Spectrally.  By  contrast,  (**CjOCCO  was  bound  to  both 
cytochrome  b  and  subunit  VIM  (plus  phospholipids)  of  a  com¬ 
plex  MI  from  beef  heart  mitochondria  incubated  under  condi¬ 
tions  where  there  was  no  inhibition  of  electron  transfer. 

At  short  times  of  incubation  and  with  low  concentrations  of 
OCCO,  a  greater  binding  of  OCCO  to  cytochrome  b  rather  than 
to  subunit  VIM  was  observed.  These  results  sTIggest  that 
cylochroTfc  o  may  play  an  important  role  in  proton  transloca¬ 
tion  at  this  site  of  the  respiratory  chain,  (supported  by 
MH  grant  HO  04007) 
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THE  STABILITY  OF  THE  COMPLEXES  BETWEEN  CYTOCHROME  c  AND 
CYTOCHROME  C^. 

B.F.van  Gaidar  and  M.J.Tervoort,  Lab. of  Biochemistry,  Univ. 
of  Amsterdam,  P.O.Box  20151,  tOOO  HO  Amsterdam,  Netherlands. 

Complexes  of  monomeric  bovine  cytochrome  C|  and  sytochrome 
c  were  isolated  by  means  of  equilibrium  permeation  chromato¬ 
graphy.  The  stability  of  the  complexes  depended  on  ionic 
strength  and  on  the  redox  states  of  the  cytochromes,  the  re¬ 
duced  species  having  the  higher  dissociation  constant  (at 
1=60  mM,  iJH  for  the  oxidized  complex,  and  KqMO  uM  for 
the  reduced  cytochrwses). 

Potentiometric  titrations  revealed  that  the  midpoint  po¬ 
tential  (E^)  of  isolated  cytochrome  c\  was  258  i  4  mV  (20  C, 
pH  7.4).  Thi.»  value  corresponds  with'a  constant  of  1.4  for 
the  equilibrium:  cyt.c^*  ♦  cyt.c^*  cyt.cf*  ♦  cyt.c‘*. 

The  Eq  of  cytochrome  c^  markedly  decreased  in  the  presence 
of  cytochrome  c,  in  particular  at  low  ionic  strength  and  at 
high  ratios  of ’cytochrome  c  to  C|(lo-  200  oV  at  hGO  efi, 
cytochrome  c,  15  pH  and  cytochrome  cj,  5  pM),  vrfiereas  the 
of  cytochre^  c  was  hardly  affectedt  The  most  stable  com¬ 
plexes  between’cytgchcome  C]  and  cytochrow  c  were  therefore 
the  cyiochrocses  C|  ard  the  cytochromes  com¬ 

plexes. 

Good  agreement  was  found  between  the  values  of  tht  i*^a- 
sured  and  the  simulated  constants  for  the  equilibria  between 
the  various  valence  states  of  cytochrome  c\  and  cytochrome  c. 


1 28-  ORAL  PRESENTATION 

The  Multiphasic  Oxidation-Reduction  Kinetics  of 
Cytochrome  b.  C.-L.  Tsou,  Inst.  Biophysics. 
Chinese  Acad.  Sci  .  Beijing.  100080.  China. 

In  succinate  cytochrome  c  reductase,  the  re¬ 
duction  of  cytochrome  b  by  eXthor  succinate  or 
duroquinol  shows  triphasic  kinetics  as  followed 
at  562  nm.  In  the  presence  of  a  amall  amount  of 
cytochrome  c,  the  course  of  reduction  of  b  becomes 
multiphasicT  It  has  now  been  shown  by  repeated 
spectral  scan  cither  at  lev  temperatures  or  with  a 
rapid  scan  instrument  at  25®C  that  the  results  ob¬ 
tained  at  the  single  wavelength  of  562  nm  indeed 
represent  the  reduction  and  oxidation  of  cyto¬ 
chrome  b.  The  oxidation  phase  of  b  is  shown  by  an 
almost  symmetrical  peak  at  553  nm  of  reduced  c^ 
with  hardly  a  trace  of  a  shoulder  at  562  nm.  The 
multiphasic  course  in  presence  of  added  c  termi¬ 
nates  with  a  partial  reduction  of  b  as  shown  by  a 
peak  at  562  nm  and  complete  oxidaXion  of  the  c 
cytochromes.  The  rates  of  the  oxidation  •reduetTon 
of  cytochromes  b  and  c;^  are  pH  dependent  increa¬ 
sing  with  increasing  pH.  However  in  the  entire  pH 
range  of  6. 0-9.0,  the  course  of  the  reduction  of 
cytochrome  b  remains  triphasic  with  the  final 
reduction  pKase  begins  when  the  reduction  of  cj^ 
approaches  completion.  The  oxidation  phase  of 
cytochrome  b  could  be  attributed  to  an  accumula¬ 
tion  of  an  oxidant  not  initially  present  in  the 
enzyme  preparation  most  probably  a  protein  bound 
form  of  ubiscmiquinone . _ 
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EJIPIMCAL  RULES  FOR  PREDICTING  ELECTRON  TRANSFER  RAIE 
DEPENDENCE  CW  BRIDGING  LIGAND  STRUCTURE.  D.N.  Beratan  and 
j.J.  Hopfiold,  Daot.  of  Chemistry  and  Chenlcal  EnQlneerinq 
California  Inst,  of  Tcchnol..  Pasadena.  CA  91125.  USA 

Scni-crplricAl  models  have  been  used  to  study  electron 
propagation  through  saturated  rigid  organic  bridges.  The 
nodel  suggests  that  transfer  rates  fall  exponentially  with 
distance  but  that  the  decay  length  depends  critically  cn 
the  geometry  of  the  bridge  and  the  rodox  energies  of  the 
electron  traps.  The  method  is  being  used  to  nodel  bond 
mediated  electron  transport  in  proteins  and  photosynthctic 
model  ccepounds. 

Electron  transport  over  "pathologically*  long  distance 
may  result  in  the  i.iapplicabiUty  of  the  Born-Oppenheitf>or 
approximation  In  studying  these  reactions.  Linitations 
of  the  approximation  and  the  iioplications  for  lorig  distarce 
^argo  transfer  are  under  study. 
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SHIFT  REACESIS  FOR  CALCIVH-43  NMR  W.H.  Br.imlln  and  H.J. 
Vofi**!,  Dept,  of  Physical  Chealstry  2,  Lund.  Sweden. 

The  interpretation  of  '*Ca  WIR  oeasurcoents  of  binding 

to  proteins  is  complicated  by  the  narrow  natural  chemical 
shift  rany.e  of  this  nucleus  ('20  ppm).  In  particular, 
sip.nals  from  slowly  exchanging  '*Ca**  sites  may  be  obscured 
by  overlapping  signals  from  free  or  rapidly  exchanging  '*Ca‘* 
In  an  attempt  to  overcome  this  problem  we  have  examined  the 
interactions  of  with  aqueous  anionic  shift  reagents. 

Such  reagents  are  complexes  of  smalt  highly  charged  anions 
with  paramagnetic  metal  ions  which  by  virtue  of  their  overall 
net  negative  charge  interact  with  cationic  nuclei,  thereby 
inducing  large  changes  in  the  NMR  chemical  shifts  measured 
(or  these  ions. 

In  ovr  studies  of  the  interactions  of  **Ca'*  with  various 
aqueous  shift  reagents  ve  found  that  both  positive  (up  to 
«60  ppm)  and  negative  (as  buch  as  -120  ppm)  chemical  shifts 
can  be  obtained.  Further,  ve  have  examined  in  more  detail  Cha 
interactions  of  '*Ca  *  with  complexes  of  Dy**  and  tripoly¬ 
phosphate  in  order  to  detcroinc  the  conditions  for  obtaining 
optimal  ^*Ca^*  chemical  shifts.  In  a  separate  set  of  experi¬ 
ments  v«  have  demonstrated  that  the  dysprosium  cripolyphos- 
phate  complex  say  be  employed  to  separate  slowly  from  rapidly 
exchanging  '*’Ca**  signal;  for  three  different  calcium-binding 
proteins  covering  a  range  of  Ca**  winding  strengths.  We  are 
thereby  encouraged  that  the  shift  reagent  method  say  provide 
a  general  method  for  separating  signals  from  strong  (slowly 
exchanging)  and  weak  (rapidly  exchanging)  quadrupolar  catim 
binding  sites  in  metal  KMR  studies  of  proteins  aid  other  bio¬ 
logical  maerocsolecules. 
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•\o  ha\o  u^^^J  the  -.ontinuous  >sa\e  'Saturation  tethni<iue 
in  I.S.R.  to  stuJv  tha  rehexation  proco^es  ot  the  \ov.->pin 
>tate  of  not-haenoc:lobin  ajul»jn\oglobin.  Ilit  experirents  vere 
taken  in  the  terpeVature  ron^;''  fron  4.2K  to  25K.  he  ha\e 
fxtteJ  ■•aturation  cune^s  ^ith  the  theoretical  ex|»reNsion 
IAV  ^  1_  (1  ♦  r/Fiw)'"/-  in  orJer  to  obta»n  the 

'saturati^^ff  h,  the  ratio  of  the  lorentiian  ;pin 

packet  to  the  Gau>^ian  cn.elope  nidth^.  Ihe  tcr^itrature 
dependence  of  the  relaxation  rate  h.i>  Ken  deJucoJ  froa  the 
Pj/,  dependence  after  correcting  it  for  n>  dependence  on 
thfc  spin-spln  relaxation  tine.  Khich  has  Ken  caku’atod 
fron  the  r^ak-to«peak  re>o»unce  linei«idth  and  the  l>  value. 

We  ha\e  $ho»»in  that  relaxation  in  hoth  raolcculcs  arc  via 
Rc>CTiant  procc^^es  Kith  caracivri<t  energies  of  25  on**  .»nJ 
22  cn"i  for  Hh  and  ^a)  re^pecti\elv.  K  have  also  oKerved 
that  the  loK-spin  procesi.e.s  arc  much  sicker  than  the  high 
spin  case  for  tKse  proteia^.  King  iK  relaxation  rates  or^* 
or  tKO  orders  of  an^itule  Klos  tK  rates  tor  tK  high-spm 
case,  in  the  sane  terperature  range.  K  also  observed  tK 
rate  of  tK  high-spin  state  to  K  dependent  of  tK  g-value 
of  tK  aonitoring  transiticn. 
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OHROIIOBIOjEHSICAI.,  HAKAN  AMD  INPRARED  STUDIES  OP 
ACID  moSKMASS  AGE-REMTED  AKTERATIOKS 
J.  Twardowslci,  A.  Urbanlk-Brzoska 
Departsent  of  Biostructurai  l^esearch,  Institute  of 
Zoology,  Jagiellonian  University,  Cracow,  Poland 
The  role  of  age  in  the  production  of  acid  phos¬ 
phatase  isoensyse  fron  rat  liver  were  exaained« 
Chronategraphy  separation  of  cnzyae  forms  showed 
rhythmical  changes  of  enzyae  synthesis  and  amount 
of  its  forms  duririg  postsynthetic  sodificaiion.  In 
rat  liver  the  acid  phosphatase  is  synthesised  on 
the  ribosomes  of  the  rough  endoplasmic  reticulum 
and  transported  to  the  Golgi  apparatus  for  packing 
into  the  lysosoaes.  Carbohydrate  amount  of  this 
glycoprotein  plays  an  iaportant  role  in  protein 
transport  through  the  ctembrane  systems.  Studies  of 
acid  phosphatase  heterogeneity  in  Haaan  and  infra¬ 
red  spectroscopy  were  done  for  explanation  of  sugar 
influence  on  isoenzyme  structure.  The  Raxan  and  in¬ 
frared  spectra  of  acid  phosphatase  isoenzyme  I  are 
presented.  Isoenzyme  I  is  created  during  transport 
of  enzyme  forms  through  aesbrane  system  after  pac¬ 
king  intolysosoaes.  The  infrared  spectra  present 
changes  in  the  carbohydrate  amount  of  this  protein 
and  its  changes  of  enzymatic  activity  during  aging. 
Parallel,  Hai^  spectra  of  this  isoenzyme  from  rate 
of  different  age  present  changes  in  protein  main 
ciiain  conformation.  Our  last  results  try  to  explain 
structural  and  physiological  reasons,  which  explain 
this  differences  connected  with  age. _ 
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POLYSACCHARIDE  CO  IN  THE  VACUUM  UV,  Stevens.  Dept,  of 
Cfiemistry,  State  University  of  New  YorTToingHamton,  NY,  USA 
CO  neasurenents  have  Ueen  extended  into  the  vacuum  UV 
region  for  a  series  of  biologically  itnportant  polysaccharides 
including  unsubstituted  polysaccharides  whose  lowest  energy 
electronic  transition  lies  below  190  nn.  CO  spectra  were  ob¬ 
tained  in  solutions  (to  178  no)  and  gels  (to  178  nn)  where 
possible,  and  in  filtrs  (to  165  na).  In  many  cases  it  was 
possible  to  delineate  the  contributions  to  CO  from  the  var¬ 
ious  factors  which  determine  the  spectra,  including  linkage 
type,  anotreric  configuration,  conformation,  and  intra-  and 
inteimolecular  hydrogen  bonding.  Polysaccharides  examined 
include  i-carrageenan,  agarose,  galactomannan,  dextran, 
pustulan,  glucans  in  general,  acetylated  glucans,  chitins, 
filginates,  hyaluronic  acid,  and  chondroittns.  Comparison  of 
film,  gel,  and  solution  spectra  is  important  since  the  film 
spectra  can  often  be  correlated  with  resutls  from  x-*‘ay 
crystallography.  In  chondroitins,  which  differ  from 
nyaluronic  add  only  in  configuration  at  C(4)  of  the  N- 
ftC-^tylglycosanine  residue,  the  VUCO  approxiwtes  that  ex¬ 
pected  for  noninteracting  monomers  of  glucuronic  acid  and 
N-acetylgjlactosamine.  This  we  can  account  for  in  terms  of 
the  eguatorio'  C(4)  hydroxyl  group  of  hyaluronic  acid  allow¬ 
ing  for  the  fonca^ion  of  a  hydrogen  bond  ac*^5ss  the  1-3 
inkage  to  the  preceding  pyranose  ring  oxyaen,  and,  on  the 
other  hand,  the  axial  dtoosition  of  the  C(4)  hydroxyl  of 
chondroitin  not  allowing  suth  a  hydrogen  bond.  This  work 
Nas  supported  by  NIH  Grant  GM24G62. 


THE  THREE-DIMENSIONAI  STRIWRE  0?  THE  N-LIKXED 
CARBOHVmTE  CHAINS  OF  IWJUKOQLOBULIN  0  FRAGME.VT  Fc. 

B.J. Sutton, D.C.PhiUiPs  and  P.J.Artysiuk.  Laboratory  of 
Koioeular  Biophysics, Bepartsent  of  Zoology,  South  Parks  Rd., 
Oxford,  UK. 

The  conforsations  of  the  p-olyp^^ptida  and  K-linked 
carbohydrate  chains  of  tho  Fc  fragsent  of  rabbit  issuno- 
globulin  G  have  been  detcreined  by  X-ray  crystallography, 
ard  refined  at  a  resolution  of  2.7A,  Chronatographic 
analysis  of  carbohydrate  chains  isolated  froo  single 
crystals  of  Vc  (in  tho  laboratories  of  Cr.  R. A. Dvek, Oxford, 
and  Prof.  Xobata,  Tokyo)  indicate.*  considerable  het^^rc- 
geneity,  jhich  is  identical  to  that  of  the  Fc  froa  which 
the  crystals  were  grown.  Despite  this  heterogereity  in 
chain  length,  the  conforaation  of  each  of  the  two  chains  is 
clearly  defined.  They  are,  hojover,  different  frea  each 
other,  particularly  in  the  conforaation  of  the  a(l-3) 
linked  branch  of  each  chain,  and  contact  between  the  two 


chains  is  asyaaetrlc,  despite  the  approxicate  two-fold  axis 
that  relates  the  protein  doaains  to  which  each  is  attached. 
Furthersore,  the  two  a(l-3)  linked  branches  appear  to 
differ  in  coaposltion.  and  this  'pairing'  of  chains  of 
different  length  within  each  aolecule  is  consistent  with 
the  observed  heterogeneity  of  the  whole  population.  A 
aechanisa  by  which  this  sight  arise  is  presented.  Finally, 
the  possible  structural  role  of  the  cartchydrate  is 
discussed,  and  the  accessibility  of  the  ter*5inal  r'*sldue-s 
to  other  protein  molecules  described. 
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REeS  GlYCOPkUltlN  AUSURpneN  onto  an  ice  surface.  DE¬ 
TECTION  8Y  SURFACE  SECOND-HARMONIC  GENERATION  R  A  Brown, 

T  S.  Burchem,  R.  E  Feeney,  and  v_  Yeh.  Depts.  of  AppITed 
Science  and  Food  Science  and  TechnoVogy,  Univ.  of  Ca)>f  , 
Davis.  Calif.  95616  U.S  A 

Antifreeze  glycoproteins  (AFGP)  exhibit  freezing 
hysteresis:  The  freezinq  temperature  is  less  than  0''C  while 
the  melting  temperature  is  at  0*C  Several  recent  studies 
on  the  mechanism  of  function  of  this  protein  system  suogest 
that  a  likely  model  for  function  is  for  the  antifreeze 
molecules  to  be  adsorbed  on  the  surface  of  the  crystals 
However,  direct  proof  of  the  presence  of  adsorbed  AF6R  had 
eluded  previous  researchers.  In  the  present  study,  enhanced 
surface  second  harmonic  generation  (SSHG)  was  observed  in  the 
presence  of  active  AFGR  solution  in  contact  with  a  pure 
single  crystal  of  ice.  The  enhancement  of  SSHG  is  a  positive 
indication  that  inversion  symmetry  across  the  interface  has 
been  altered.  In  the  present  case  hydrogen  bonding  syrmetry 
across  this  ice-water  interface  has  been  broken  by  the 
presence  of  AFGP  replacing  HjO  molecules  at  crystal  growth 
sites.  (This  work  is  made  possible  through  a  grant  to  REF 
(NIH  GM-23817)  and  a  ninigrant  to  YY  (NSF-SSLC)  for  the  use 
of  the  high  powered  pulse  laser  system) 
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FACTORS  GOVERNING  THE  RHEOLOGICAL  ACTIVITY  OF  PURIFlZn  MUCUS 
GLYCOPROTEINS  ^ 

P.T,  Brown*  and  M.  Litt  ,  School  of  Phanaacy,  Portsaiouth 
Polytechnic*,  Dept.  Pioengineorlnq,  University  of 
Pennsylvania*,  Philadelphia,  Pennsylvania,  USA. 

Mvcus  gels  provide  protection  and  lubrication  on  skany  of 
the  body's  inner  surfaces  and  chronic  airway  disorders  such 
as.  bronchitis  and  secretory  otitis  may  be  chaiacterised  by 
apparent  changes  in  mucus  consistency  and  transport.  In  an 
attempt  to  deterralno  the  physicochemical  factors  which 
affect  m  -cus  rheology  wo  have  examined  mucus  glycoproteins 
(CP>  from  tho  human  trachcaj  canine  tracheal  pouch;  chrcnlc 
bronchitis  and  secretory  otitis.  Glycoproteins  were  iso¬ 
lated  freo  the  above  by  solubilisation  and  then  fractiona¬ 
tion  in  tho  presence  of  tho  chaotropo,  potassium  thiocyanate 
Tho  resultant  purified  wucins  wero  then  subjected  to  amino 
acid  and  carbohydrate  analysis  and  rheological  activity  was 
assessed  in  dilute  solution  by  capillary  viscooetry  arid  in 
the  gel  stato  by  </sc4llatory  shear  ealcrorheometry  and  muco¬ 
ciliary  transport  on  a  mucus-depleted  frog  palate.  CPs 
typically  displayed  high  limiting  viscosity  numbers  (190  ml 
g*')  which  wore  sensitive  to  changes  In  ionic  strength  and 
tho  presence  of  disutphldo  bond  reducing  agents,  GP  gels 
displayed  elastic  moduli  and  transport  rates  which  varied 
markedly  with  GP  concentration,  displaying  an  optimum  con¬ 
centration  range  for  maxitoua  mucociliary  transport.  In  all 
cases,  after  accomaodation  for  pH,  ionic  strength  and  GP 
concentration,  a  major  determinant  of  ihcologlcal  activity 
appeared  to  bo  tho  amount  of  carbohydrate  in  the  molecule. 
This  was  found  to  be  particularly  low  for  otitis  patients 
who  also  had  cleft  oalate  svndro^. 
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LECTIN-TRYPSIN  INHIBITOR  AS  AN  ANTICARCINOCEN 
J.Y.Lln  and  L.L.  Lin,  Institute  of  Dloehsnistry 
College  of  Medicine,  National  Taiwan  Univeraity. 
Jon-Al  Road,  Taipei,  Taiwan,  ROC. 

Concanovalin  A  and  trypain  inhibitor  iaoiated 
froa  Acacia  ConfUsa  were  covalantly  linked  by 
usin<  SPOP.  The  Con  A  -  trypsin  inhibitor  conjug¬ 
ate  (  Con  A  -  ACTl)  retains  about  of  the 
heaagglutinating  activity  present  in  the  native 
ACTI  and  haa  hlghur  hemagglutinatlng  activity 
than  the  native  Con  A.  The  conjugate  has  a 
greater  stability  to  trypsin  than  tha  mixture  of 
Con  A  and  ACTI.  The  coi, Jugate  enters  sarcoma  130 
tumor  cells  whsroaa  tha  free  ACTI  dots  not.  A 
vlngle  dose  of  the  conjugato  injected  i,p.  into 
smrcoaa  IBO-  bearing  noninbred  NiNXH(S)  whita  mice 
haa  a  remarkable  effect  in  Increasing  cuirvival  of 
tumor  bearing  mice  while  the  mixture  of  an 
eguivalant  dose  of  free  Con  A  and  ACTI  doee  not. 
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ELECTRON  MICROSCOPE  OF  k-CARRAOEENAN 
B  .  T  Stowve.  A  El9«*ter  H  Orasdalen  and  0  Soidsrid 
Division  of  Biophysics  and  Division  of  Marino  Biocheaistry, 
Universitv  of  Tron<»iom  The  Norv.egian  Institute  of 
Technology,  703*  Trondheio-NTH,  Norway 

K  "Carrageenan  a  structural  polvsaccaride  in  sose  red 
algae,  is  a  flexible  sacronoleculo  which  can  undergo 
saU"depondent  conforsal  transitions  and  gelation  Me  have 
studied  K-Carrageenan  by  electron  aicroscopy  using  a  low 
ancle  rotary  shadowing  preparation  technique,  and  we  find 
that  ^"Carrageenan  in  the  absence  of  salt  appears  clearly 
as  a  flexible  t&acrosolecule  The  correlation  betwee*  the 
apparent  contour  length  distribution  froa  the  electron 
aicrographs  and  viscosity  and  aolecular  weigth  data  shows 
that  i>  K-Carrageenan  has  a  supercoiled  structure  even  in 
the  abscence  of  other  salts  2)  The  end"tO"end  distance 
distribution  in  two  disensions  revealed  by  the  electron 
aicrographs  is  in  accordance  with  average  cnd"tO"end 
distance  ostiaated  by  the  Flory"Pox  theory  3)  Our  analysis 
yields  an  exoeriaental  estimate  of  the  characteristic  ratio 
of  ^"Carrageenan  that  is  in  quantitatively  agreeaent  with 
other  phvsical  methods  RbCl  is  one  of  the  aost  potent 
gel^foraing  salts  of  K-Carrageenan  Electron  aicrographs 
of  K-Carraoeenan  in  the  presence  of  RbCl  reveal  aolecular 
aggregates  at  concentrations  below  the  gel  point 
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PHYSICAL  CHEMICAL  AND  THERHODYKAHIC  PROPERTIES  OF  KONOKERIC 
CONCANAVALIN  A 

0.  RIaldi.  E.  Battistel  and  6.  lazzarlni,  Centro  Studi  Macro- 
eiolecole  C.N.R. ,  Corso  Europa  30,  Genoa,  Italy. 

The  nonotterir  and  monovalent  form  of  Concanavalin  A  was 
prepared  and  purified  from  the  tetrawric  form  by  UV  irradia¬ 
tion,  according  to  the  procedure  given  by  Tanaka  et.al.,  J. 
biochea,  ,89,1643,(1C81),  partially  modified.  After  irradia¬ 
tion,  ConA-a  was  separated  by  affinity  chromatography  on  Se- 
phadex  G-lOO  and  by  gel-filtration  on  Bio-Gel  P-100.  Charac¬ 
terization  through  aeasureaent  of  the  sedimentation  coeffi¬ 
cient,  the  HPLC  hydrodynamic  mass  and  electrophoresis  in  SOS 
showed  that  the  colecolar  weight  is  in  agreement  with  the  ex¬ 
pected  theoretical  value.  Hemoagglutination  tests  showed  no 
agglutination  up  to  concentrations  of  the  order  of  3-4  mg/ml. 
Fluorescence  titration  analysis  of  -NHj  groups  after  alkaline 
hydrolisis  Showed  no  major  change  of  the  extintion  coeffi¬ 
cient.  CcnA-fii  was  then  used  to  study  the  reaction  with  some 
pyranosides  and  human  blood  glycoproteins  by  calorimetry.  The 
AH,  aG  and  A$  of  the  reaction  are  given  and  compared  with  e- 
quivalent  reactions  involving  the  dimeric  form. 
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ORGANIZATIOH  OF  NOnRAL  CLYOOSTHINGOL1P1D6  IN  BILAYEBS  M3) 
BIOHEMBRANES.  T.E., Thompson.  Y.  Barenholz,  R.  Brown,  M. 
Correa-Frelre,  W.W,  Yoisig  and  T.w.  Tillack,  Departments  of 
Biochemistry  and  Pathology,  University  of  Virginia, 
Charlottesville,  Virginia  22908  USA. 

Ihe  spontaneous  interbilayer  transfer  of  glucosylcera** 
mide  and  asialoG.M^  between  unilamellar  phosp^tidylchollne 
vesicles  was  examined  using  tritiated  and  pyrene-labeled 
glycol  iplds.  In  the  temperature  range  30  to  45®C,  the 
half-times  for  transfer  are  in  excess  of  20  days.  Ihls  is 
much  longer  than  the  transfer  half-times  determined  for  a 
variety  of  phospholipids  under  similar  conditions. 
Differential  calorimetric  studies  and  measurements  of  the 
lateral  diffusion  coefficient  of  gluoosylceranidc  in  these 
systems  suggest  that  the  glycos^ingollpid  component  is 
organized  in  gel-like  domains  dls^rsed  in  a  continuous 
li^id  crystalline  jihosphatl^lcholinc  {hasc.  Freeze  etch 
electron  microscopy  of  asialo  GH^-containing  systems 
labeled  with  a  ricin-60-fcrritin  conjugate  has  confirmed 
the  phase  structure  and  shown  the  average  glycolipid  domain 
to  be  lOO-lSO  A  in  diameter.  Similar  electron  mlcrocoopc 
studies  carried  out  on  sheep  and  human  erythrocytes  show 
the  intrinsic  glyoosphlngolipid  to  be  similarly  organized. 
Recent  work  suggests  that  sp^ific  glycosphingolipids  serve 
as  receptors  for  toxins,  viruses  and  some  peptide  hormones. 
Alteraticns  in  the  composition  of  lipids  of  this  type  arc 
associated  with  growth,  differentiation  and  oncogenic 
transformation.  This  dcoain  structure  must  be  an  Important 
determinant  in  the  biological  functions  of  these  molecules. 
(Su^rted  by  NIH  Grants  GM-23S73,  GH-14628  and  GM-26234J 
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CHARACX^RZZATIttl  OF  WO  ESSEOTIAL  TRYPTOPHAHYL  RESIDUES 
IN  ASPERGILLUS  NICER  GLOCOA.'4YLASE 

A.J.  CXdrkc  and  B.  Svensson,  Department  of  Chemistry, 
Carlsbcrg  LaboraTory,  Copenhagen,  Denmark. 

N-Brcoosuccxniaidc  oxidation  of  glucoa&ylases  Cl  and 
G2  froa  A.  niger  (I)  revealed  two  essential  tryptophanyl 
residues  with  different  functional  properties.  Acarbose, 
a  pseudotctrasaccharide  and  potent  inhibitor  of  the 
enzynes,  protected  both  of  these  residues  against  the 
oxidation  with  the  retention  of  cnzyaatlc  activity.  In 
contrast  with  the  substrates  oaltoso,  aaltotriose  and 
soluble  starch  and  the  inhibitors  maltitol,  gluconolactone 
and  deoxynojirioycin  the  activity  was  lost.  In  the  latter 
cases  only  one  tryptophanyl  residue  had  been  protected 
against  the  oxidation.  The  roles  of  the  two  essential 
residues  were  also  characterized  through  UV  difference 
spectroscopy,  fluoroaetric  titration  and  Halted  proteo¬ 
lysis.  The  tryptophanyl  residue  protected  by  all  of  the 
ligands  was  probably  involved  in  binding  of  substrate  in 
subslto  1  (2).  The  second  residue  only  protected  by 
acarbose,  is  suggested  to  be  essential  in  maintaining  an 
active  conformation  of  the  enzyao.  The  essential  tryptophan¬ 
yl  residues  have  been  identified  in  the  primary  structure 
of  the  enzyae  <3). 

1)  Svensson  ct  al.,  Carlsberg  Res.  Coaaun.  $S-69, 

(1982).  2)  lUrcal  ct  al.,  Kol.Cell.Biochea.  M,  79-95, 
(1983).  3)  Svensson  et  al.,  Carlsberg  Res.  Cccaaun.  48, 
S29-544  (1983). 
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HYDRATION  KINETICS  OP  EPITHELIARY  WCINS  DURING  EkOCYTOSIS 
P.  Verdugo  and  L.8.  Langley,  Center  for  Bioengineering  & 
Dept,  of  Biological  Structure,  Unlv.  of  Washington,  Seattle 
WA  98195,  USA. 

It  has  been  deroonstrated  that  mucus  can  be  swollen 
following  a  Donnan  oquilibrlua  process,  Vc  have  also  post¬ 
ulated  that  Quclns  could  be  secreted  as  densely  entangled 
networks  that  undergo  Donnan  swelling  during  and/or  after 
postexocytosis.  (Nature  292,  340-42,  1981).  Experiments 
reported  here  using  Image  analysis  techniques,  indicate  that 
granules  of  mictns,  secreted  hf  respiratory  secretory  cells 
in  culture,  do  Indeed  undergo  Donnan  swelling  during 
exocytosis.  As  In  the  swelling  of  synthetic  polymer  gels, 
the  spheric  volumetric  expansion  of  cxocytosed  mucins  fol¬ 
lows  a  first  order  kinetics  where  the  characteristic  time 
(t)  demonstrates  a  linear  relationship  with  the  square  of 
the  radius  (r^).  This  evidence  suggests  that  exocytosis  of 
mucins  could  be  driven  by  swelling  of  their  molecular  net¬ 
work  and  further  support  the  hypothesis  that,  Donnan 
hydration  could  control  the  regulation  of  the  rheology  of 
cpithcliary  mucus. 

(This  work  was  partially  supported  by  NIH  grant  HL29908). 
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BIOCHEHiCAL  PROPERTIES  OP  A  LECTIN  FROM  THE  GREEN  MARINE 
ALGA  Codlum  f rUTllc  subsp.  tofoentosoidoj. 

R.w.  Loveless  and  O.J.  Rogers,  Haematology  and  Immunology 
Laboratory,  Park  Building,  Portsmouth  Polytechnic,  King 
Henry  I  Street,  Ports«x>uth,  Hants.,  UK. 

Crude  aqueous  extracts  of  Codlum  fragile  contain  a 
lectin  which  agglutirates  huaan  erythrocytes.  The  lectin  is 
preferentially  inhibited  by  N-acetyl-a-D-qalactosaalno 
(GalNAc) ,  which  has  enabled  a  batch  affinity  chromatographic 
procedure  to  be  developed  for  the  purification  of  the  lectin. 
GalNAc  was  coupled  to  agarose  tB  using  1,4-butanediol  di- 
glycidyl  ether.  The  lectin  bound  avidly  to  the  tBoobilised 
GalNAc  and  could  bo  eluted  from  the  affinity  resin  with 
excess  GalNAc.  The  product  produced  powerful  haonagglutina- 
tion,  even  in  the  presence  of  ethylenedlaainetetraacetic 
acid.  When  subjected  to  polyacrylamide  gel  electrophoresis 
in  the  presence  of  sodium  dodecyl  sulphate,  the  lectin  pro¬ 
duced  a  single  protein  band  with  a  molecular  weight  of 
)l,OOc>  d>lt<Ms.  Isoelectric  focusing  demonstrated  that  the 
lectin  ccAsists  of  two  isolcctins,  the  aa^or  component 
having  a  pi  of  3,8  and  the  minor  component  having  a  pi  of 
3.9.  The  properties  of  the  lectir.  froa  Codjua  fragile  are 
siatlar  to  those  of  other  lectins  froa  marine  afgae,  but 
differ  frees  lectins  Isolated  froa  higher  plantxS. 
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IN  AQUEOUS  SOLUTIONS  OF  NA-POLYURONATES.  irBUTRON  SCATTERING  STUDIES  OtJ  FIRST  COMPONEMT  Cl  OF  HUMAN 

HAns  Grasdalon  and  Bjarnc  J.  Kvaoi  Inst,  of  Marino  Blochca-  COflPLEMEOT  AND  ITS  SUBUNIT  STRUCTURE 

Istry,  Univ.  of  Trondheln,  Norway.  S.J.  Parkins,  Kennedy  Institute,  Bute  Gardens,  Haaaorsaith, 

-^Na-NKR  line  widths  and  longitudinal  relaxation  were  London  WG  7DW,  UK. 

studied  for  aqueous  solutions  of  sodiua  poly (galacturonate)  Neutron  scattering  studies  are  reported  on  the  subcoa- 

and  alginates  as  a  function  of  polyanton  concentration,  dc-  ponents  Clq  and  ClrjClsj  of  cooponent  Cl  of  huaan  ccoplcaent 

gree  of  dissociation,  and  the  tcoperature,  at  two  distinct  their  coaplex  to  forta  Cl.  The  radius  of  gyration  at 

frequencies.  The  linewidth  of  Na*  xn  0.128  M  Ka-acctate  in-  infinite  contrast  arc  12.8  no  (Clq),  17  no  (Clr2Cls2>  and 

creased  linearely  with  added  MiCH3}4-alqinate  and  narrowed  12.6  no  (Cl),  showing  that  Clq  and  ClrjClsj  have  cccploxed 

With  increasing  teoperature  indicating  fast  exchange  of  Na  with  a  large  confortaational  change  in  one  or  both  posts, 

between  a  free  and  a  polyoer  laound  state  with  a  rate  ex-  analysed  as  a  flexible  structure  at  the  bend  in 

ceeding  the  quadrupolc  relaxation  in  t)»e  latter  state.  The  collagencous  region,  where  the  collagoneous  am  and  base 

line  broadening  effect  of  poly (galacturonate)  and  poly(gulu-  length  14. S  na  and  the  base-ara  angle  is  40-45®. 

ronate)  was  ouch  larger  than  that  of  poly(oannuronate) .  This  Clr2ClS2  As  analysed  as  a  rod-like  particle  of  length  50  na 

could  be  ascribed  to  a  cosbination  of  a  shorter  correlation  dlaaetcr  5.2  na.  The  aost  successful  models  for  tne 

ti-.e,  a  saaller  quadrupole  coupling  constant,  and  a  saaller  association  of  Clr2ClS2  involve  the  assyametric  binding 

degree  of  counterion  binding  in  solutions  of  poly(nannuron-  Clr.ClSj  to  the  anas  and  base  of  Clq  on  one  side  of 

ate).  The  correlation  time  was  fourd  to  increase  with  de-  ^Aq  ana  involving  2-4  stalks  of  Clq. 

creasing  concentration  of  polyzM?r  in  salt  free  solutions, 
suggesting  that  it  is  correlated  to  the  flexibility  of  the 
poli-ser  chains.  In  dilute  solutions  of  the  polyuronates  the 
correlation  time  of  Na  was  sufficiently  long  to  cause  non- 
Lorentzian  lines  with  frequency  dependent  widths.  Electro¬ 
static  theories  account  satisfactory  for  the  counterion  bin¬ 
ding.  No  evidence  was  obtained  in  support  of  a  recently 
reported  pH  induced  intra  nolecular  conforaatlonal  transi¬ 
tion  of  poly (galacturonate) . 
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siuw  CF  WE  oew(w  AS  A  SIKGU:  riEZCsisciRie  orksiai.  UMSa 
WE  EFFECT  OF  KECHAmCAL  STRESSSS. 

M.A.EI-RESSIERT,  Bept.of  FBtheatics  and  Hiynlcs, Cairo  Lnlv., 

Faculty  of  Engineering,  Cairo  EGIPT. 

H.  H.HOSfAlKA  .  Faculty  of  Electronic  Engineering*  Kcnoiia 

University  »  Menof  ,  EGYPT. 

Bone  natrix  exihibita  electroBechanioal  transducing 
abilities  which  persiat  for  dead  and  living  bones;  the  phys¬ 
ics  of  this  phenoienoa  is  still  controversial  thou^  the  pie- 
soelectric  interpretation  is  ths  aost  acceptable  arguaent. 

In  this  paper  the  collegen  is  taken  as  the  source  of  the  pie¬ 
zoelectricity  of  bone  iwith  a  crystal  structure  belonging  to 
C6  group  while  the  hyd^xyapatite  crystal  is  syxBetxic  and 
thus  non-piezoelectric.  Accordingly*  a  single  osteon  ie  st¬ 
udied  and  the  e^uivelent  piezoelectric  sodulii  are  obtained  as 
a  function  of  the  aodulii  of  the  collegen  crystal  *  the  type 
of  the  osteon(dark  or  bri^t)  and  the  wrapping  angle  of  the 
fibers,  ‘nie  coaponents  of  the  polarisation  vector  in  the 
cylinderioal  coordinates  (r,e<icz)are  obtained  as  a  function  of 
the  shear  stress  o' such  that, 

,  ^0  “  **2  “  **3  ®r0 

where  d«  id^  and  d.  are  the  only  three  non-zero  piezoelect^ 
ric  aodOlii  of  the  osteon  ae  a  tdiole  . 

This  axialysis  is  able  to  explain  the  observed  non-linear  de¬ 
crease  of  the  radial  piezoelectric  potential  of  an  osteon 
when  subjected  to  olther  tensile  of  coapressive  stresses. 
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ON  THE  MBCHAHISK5  OF  STABILIZATION  OF  COLLAGE:^ 
TYPE  STRUCTimE 

K.G»  Esioova,  V.N,  Roculcnkovo,  V.G.  Tunanyon, 
li.V.  Grlcoioiva,  R.A.  Abo^yan  and  Yu, A.  Noyfack, 
Institute  of  Molecular  Biolocy  of  tko  Acadecy  of 
Sciences  of  the  USSR,  Vavilov  Street,  Moscow, 
USSR. 

Corporative  rtudi''©  of  collacenc  have  been 
fulfiied  on  sanples  fron  1^  taxonorsically  rcsioted 
species.  It  has  been  shown  that  X-ray  patterns 
(positions  of  reflexes  and  their  intencities)  are 
essentially  sinilar  irplyinc  close  resanblance 
for  structures  of  proteins.  Thus,  the  diffcren- 
cies  in  rol^^cular  stability  arc  entirely  d^ter- 
r.ined  by  the  anino  acid  ^onposition,  rather  than 
by  structural  difforencics.  The  interrelation 
betvieen  donaturation  tenperotures  and  anino  acid 
conposition  has  been  established.  The  evolution 
process  requires  constancy  of  the  hydrated  water 
content  in  the  samples.  This,  in  turn,  directs 
the  necessity  of  fibrillocenesis  in  the  close 
ranco  of  molecular  denaturation  conditions.  The 
physical  c^ound  of  stabilization  of  the  molecule 
are  discussed  in  connection  v/ith  definite  roaels 
rf  collacen. 
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THE  MORPHOLOGY  OF  BONE  MINERAL  AS  REVEALED  BY 
SMALL-ANGLE  X-RAY  SCATTERING 

Matsushima,  M.  Akiyama  and  Y.  Terayama,  School 
of  AH  led  H^Uh  Professions,  Sapporo  Medical 
College,  Chuo-ku,  Sapporo  060,  Japan. 

Small-anglo  scattering  pattern  of  oriented 
bone  contains  a  strong,  diffuse  scattering  whic** 
develops  in  a  fan-like  fashion  perpendicular  to 
the  longitudinal  axis  of  the  bone.  In  order  to 
explore  size  and  shape  of  mineral  particles  in  a- 
dult  bone,  we  analyzed  this  anisotropic  scattering 
based  on  the  theory  proposed  first  by  Porod,  The 
oriented  bones  from  bovine  temur  and  canine  one 
which  are  regarded  as  a  structure  with  cylindri- 
cally  syrmetrical  autocorrelation  function  were 
described  in  terms  of  an  ideal  isvtropic  two-di¬ 
mensional  two-phase  system  consisting  of  mineral 
phase  and  organic  pnase.  Our  analysis  showed  that 
bone  mineral  was  mostly  in  the  form  of  needle-like 
particles  with  50-60A  diameter .  The  intersect 
distribution  function  which  is  related  to  the  sec¬ 
ond  derivative  of  the  correlation  function  was 
directly  calculated  from  the  measured  intensities 
and  the  results  strongly  suggested  the  presence  of 
mineral  with  sharp  edges.  Also  the  microstructure 
of  powdered,  randomly  oriented  bone  from  bovine 
femur  was  found  to  be  affected  by  grinding. 
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A  SYNCHROTRON  RADIATION  X-RAY  DIFFRACTION  STUDY 
OF  THE  CRYSTALLINITY  OK  TENDON  FIBRES. 

K.H.  Svendsen.  M.H.J.  Koch,  C.  Boulin,  A.  Gabriel, 
Physics  Laboratory,  Royal  Vet.  and  Agricultural 
University,  Copenhagen,  Oenmar''  and  the  EMBL 
Laboratories  ot  Hamburg,  Heidelberg  and  Grenoble. 

The  equatorial  diffraction  pattern  ot  tc-don 
collagen  fibres  was  measured  during  short  succes¬ 
sive  exposures  at  different  length  using  a  double 
focusing  x-ray  synchrotron  radiation  carera  with 
film  and  with  an  area  detector.  Similarly,  pat¬ 
terns  from  thin  fibres  from  premature  rats  were 
recorded.  The  patterns  unambiguously  illustrate 
the  relationship  between  fibre  crystallinity  and 
the  age  of  the  animal.  Further,  the  results  indi¬ 
cate  that  in  the  initial  part  of  the  linear  regior 
of  the  stif fness-versus-length  curve  the  collagen 
fibres  are  characterized  by  a  quasi-hexagonal 
arrangement  of  collagen  molecules,  whereas  at  the 
end  of  this  region,  the  molecular  arrangement 
becomes  hexagonal. 
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COISBILED  OXfOEN  Hian  PRLSG’Jftt.  A  ‘VLiBiDiMtHAKl 
Dekleva*  D.  Vujnovic,  'i.  Dol«olln  and  V.  ’'ajic.  Cli¬ 
nical  tospltrl  Centre,  ■*e-un,  VuPova  *),  furoslivia. 

Owlnr  to  the  cxrcu-stance  that  our  hooeital  is  reir 
the  -air.  cast-vest  M,;hwa:, ,  wc  Kjvc  hid  loa-  exreiierce 
in  the  worst  trau'ii  cases  wi*-^  -ultilravtares  of  te-.o, 
as  well  as  ras  ,-ar.mrene.  Certain  anaerobic  ;-f,  ctiors 
have  strong:  Inclinition  to  causing  thro‘'to"'letitis  and 
septic  e-boli.  However,  toda,, ,  wit-,  •’'i'lti  l*  sur,cxca* 
therapies,  by  the  aia  o^y^’cr.  ^  I'h  T'seyre  /Q  f/  and 
antibiotics,  lartco  injirles  -i..  be  S  lO'i  pj»rencr..—a- 
touo  or,'<4n5  with  core  confidence,  ‘‘r.  the  other  hind, 
-arrietoth-raj-/  expands  the  'Calir,*  pocs.bilities.  'ut, 
in  ni.^netotherapy  sp^'cial  -r^caitiors  should  te  unJer- 
ta’^en  against  possibl'^  cid*  effects,  as  well  as  in  oiF 
therapy  a>’aihut  toxicity.  Toe  in^iuries  are  usual¬ 

ly  foUow-rd  by  coc-licated  infection  for--..  ;espi*e  the 
agvressive  antibiotic  treatment  with  broii  S'>etrun  of 
action,  clinical  conlitior.  worcenes  with  "iny  ratients*. 
The  need  for  antibiotic  yenetj-it^or.  in»o  the  sitv  of  in¬ 
fection  IS  the  -.ost  afp^b^nt  ir.  centrii  nervous  syste-. 
Infections  on  other  bod>  sites,  are  -ore  difficult  to  as¬ 
sess.  The  Mrh  rercentj,’e  of  resistant  bacteria  to  iny 
antibiotic  jctlon,  can  te  overco-e  the  ail  of  C  < 
partially,  and  reneraliy  ir.  co-binod  und  -a,T.etothe- 
rapy.  besides,  in  nasjt  ca.-'es,  after  ^  therar., ,  bacte¬ 
ricidal  action  of  srtibiotics  reestablishes.  !n  the 
worst  stubborn  tactena  resista’^ces  to  antibiotics,  the 
coabined  0  U'  and  esaj^r.etotr.era-j  reestatlich  th-  bacteri¬ 
cidal  action  of  antibiotics  a/ain. 
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''»‘IOLl«-lOLl.\o>N  ISnWUION 

A. Martinet  di-l  N.Olipo,  uarbt  ird 

Ppt.Hi«.-chcniNtr\  *  .'v  ver>.e',  vi^piuTvn  ^  Iriv 

is  j  with  uriU  .»  'Mut  \l  MT.t, 

''*1  IhisY^iMUil  has  a  tibiviU' 

ph'.»I«.->i>  *.kiih  ..f  iibbt'Ti-,  bud' 

piitlKli.  NX-ult  v‘i>'up.  ati  U<.aUJ  »t  ».d- 

,0*.  »» d  lhr\  »re  '.pvn'iM, «.  »vr  the  pr<-  mu  '!  fv^a'tv^ 
«.h»r,’e  in  the  ThU'.,  Iht  vjit»  n  v.\vhar,'^  vv\pas»ts  'f  se 

pifilte  rari,i\  .  fl..-  JO  t»-  4s'  mivj  U-0  »>.  T\pi  I  >.  j » t.  «*■ 

v4ll  .Kill  ir<tt.iJvt>  with  sepi'diti  ri'.ultir^  tti  apivteir- 
».  I  \\r.pl»x.  rhi-s  iiitex  Is  t  III.  l•^  t  l^e-dsp^f  de*.t  Il.U'.,  at  * 
ffn.  siil>  iK'Ut  Os*',  i*!  th^  t.'tsil  prv'tii*.  pre-.«,'it  i>,  the  j-- .av 
In  le’miid.  ii\  nt^fAii-’  rojishr'>  th«.  iiv"'*.  j*  I  h 

iiit*.i  ivtivu  ti"ie.  Kharastiik.  iti^J.  oT  th<,  i  .M-rttan  id  pis- 

tein  at  .h<.*rt  psii'-d-.  trdivitid  ihit  thiN 

ippesiiN  ell  itN  »s‘5v>ff»er*i  ti-n-.  Thu-.,  tli  Nspiolite  treatment 
IS  usvtuS  lor  the  piepaiatitTt  s^|  "'s.as'rsir  ii.  a 

\ield.  Studies  Ml  the  voaplex  su^-iiest  that  thv  Noll.i,'e<, 

\uUn  sire  liied  iKnp  the  *.las  libie.  kUstrostatis  lorves 
are  kii\v>lved  in  th*  ki)tera.lk>.-n.  In  lavt.  susvv‘ il-sollasiei> 
Is  n».t  ii'taiF.vd  bt  the  i.tpiv»lkte.  \  «vslel  l.'r  the  '.olla^ei.- 
vlav  M-splex  h»s  been  elabs'rateJ  based  or.  the  struvtural  pro 
ptkties  ot  both  ».v>^onent»».  The  bkologks  il  i,^'«pjtkb»lit\  ol 
lives,  \«.«plex^'s  has  been  qualktatisrl^  dedused  bv  in  Mtro 
tewliiii'  with  libioblastu  vulture*. 
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CONFORMATIONAL  CHANGES  DURING  COLLAGEN  FIBRlLLOGENESIS. 
Arthur  Vets  and  Anna  M.  Kucharsfca.  Oepartcent  of  Oral 
8Iology»  Northwestern  University,  303  E.  Chicago,  IL  60611 
the  first  step  in  collagen  fibrillogenesis  requires 
internolecular  interactions  between  helical  regions  on  one 
nolecule  with  one  of  the  non>hel1caI  telupeptide  regions  of 
a  second  ffolecule.  It  appears  that  conformational  changes 
take  place  both  in  the  telopeptides  and  in  the  helical 
region.  The  telopeptides  are  the  only  regions  containing 
tyrosyl  residues  while  the  helical  region  receptor  sequences 
contain  histidyl  and  phenylalanyl  residues.  Changes  in 
state  of  tnese  residues  have  been  studied  by  proton-NXR  and 
ultraviolet  huorescence  spectroscopy.  The  free  proton-NXR 
spectra  of  O^lCBl  (aaino-telopeptide),  free  ^1C86  (receptor 
region  plus  carboxyl -telopeptide),  and  the  intact  collagen 
molecule  were  compared  with  the  spectra  of  various 
interaction  mixtures.  Fluorescence  cieasurefoents  of  c<lCBl 
in  trifluroethanol  (TFEl-water  mixtures  showed  a  series  of 
transitions  in  the  direction  of  more  restricted  environments 
for  the  tyrosyl  residues  at  high  TFE  concentrations,  and 
this  agreed  with  the  shifts  in  ^H-NKR  resonances  of  the 
D^1C81  as  a  function  of  the  TFE  content.  A  conparison  of 
(XlCBl  ♦  collagen)  ^H-NMR  spectra  at  20®  and  60®C 
clearly  shows  binding  related  to  the  restriction  of  the 
tyrosyl  residues.  The  conformation  of  the  carboxyl -telopep¬ 
tide  in  ^1C86  is  less  temperature  dependent  and  shows  that 
0^1666  has  a  stable  folded  structure.  Goth  telopeptide 
regions  appear  to  be  involved  in  the  fibrillogenesis 
interactions.  (Supported  by  NlH  Grant  AH13921). 
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USE  or  COMPITTER  GRAPHICS  IN  MODEL  BUILDING  MOLECULAR 
CONFORMATION  AND  PACKING  IN  COLLAGEN  FIBRILS 
E.Y.  Jongs  and  A.  Miller,  Laboratory  of  Molecular  Biophysics, 
Dopartoent  of  Zoology,  South  Parks  Road,  Oxford,  UK. 

An  Evans  a  Sutherland  picture  system  II  Is  being  used  in 
conjunction  with  the  graphics  program  MIDAS  to  test  proposed 
quasi  hexagonal  models  for  the  packing  of  type  I  Collagen  in 
fibrils.  The  graphics  program  PRODO  has  been  used  to  build 
a  variety  of  side  chains  on  to  the  known  molecular  main  chair 
coordinates.  By  using  such  side  chains  In  a  general  study 
infortaation  has  been  obtained  on  the  spatial  factors  required 
for  hydrophobic  or  electrostatic  interactions  to  bo  possible 
between  psirs  of  side  chains  on  neighbouring  collagen 
molecules.  These  findings  have  been  applied  in  a  three 
dimensional  analysis  by  ccoputer  of  the  known  al(Z)  and  o«(I) 
aaino  acid  sequences  for  collagen  to  search  for  energetically 
favourably  packing  arrangements.  Such  m;>dels  may  then  bo 
built  using  the  computer  graphics  and  their  predicted  X-ray 
diffraction  cornered  with  that  observed  experimentally. 
Structure  prediction  and  model  building  has  also  been  carried 
out  for  the  N  terminal  telopeptide  region  of  collagen.  Here 
while  agreeing  with  the  predicted  8  sheet  structure  for  the 
old)  chain  (Helseth  ct  al.  197'}t,  the  different  character  of 
the  o2(X)  chain  N  terminal  has  been  found  to  provide  an 
ieportant  source  of  asymmetry  in  this  region. 

Reference 

Kolsoth,  D.L.,  Lechnor,  J.fi.  i  Vois,  A.  (1979),  Biopolyoers, 
IS,  300S-3014. 
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TUB  INIT  cm  IiCLBCUAR  PACKlfG  OF  CKYSTAU,1KE  TYPE  U 
OOU/CEM  Erie  £..  Elkenberry  and  Barbara  Brodsky 
Rulgcrs  Medical  Schocl,  Piseataway,  NJ.,  U.SA. 

We  report  the  unit  cell  parameters  for  the  crystal  struc¬ 
ture  of  a  II  collagen  and  an  interpretation  of  the  unit 
cell  in  terms  of  a  quasi-hexagonal  arrai^cment  of  molecules. 
Ihis  new  structure  is  the  first  reported  example  of  a  crys¬ 
talline  packing  of  any  type  of  collagen  other  than  the  Type  I 
collagen  found  In  tall  tendon. 

Ths  sheath  of  the  lamprey  notochord  is  a  cart  1  lagenous 
tissue  which  contains  parallel  uniform  diameter  cylindrical 
fibrils  of  *'\pe  II  collagen.  Unlike  mamrallan  cartilage  this 
tissue  gives  a  strorgt  well-oriented  x-ray  diffraction  pat¬ 
tern  featuring  a  series  of  meridional  Bragg  reflections  with 
a  $7  rm  periodicity  and  a  ecrplex  set  of  equatorial  diffrac¬ 
tion  maxima  which  show  that  the  col  lagen  molecules  have  a 
crystal  1  Ine  lateral  packing  within  the  very  small  (17  nm) 
diemoter  fibrils.  Ihe  equatorial  pattern  has  teen  Indexed  on 
the  monocllnic  projection  of  a  presuned  triellnlc  unit  cell 
with  a  -  4.1  nm,  b  •  3.S  nm,  c  *  67  nra  and  g  *  96*’,  This 
unit  eel  1  is  consistent  with  a  quasi-hexagonal  packing  of 
collagen  molecules  analogous  to  that  deduced  for  the  Type  I 
collagen  of  tendon,  but  is  larger  in  volume  than  the 
tendon  unit  cel  1.  The  additional  volu&e  appears  to  oceur 
largely  along  only  one  of  the  three  prineipal  axes  separating 
the  col  lagen  molecules  in  the  quasi-hexagonal  structure.  The 
extra  glycosylation  of  Type  11,  as  compared  to  Type  I,  can 
account  for  only  a  small  part  of  the  volume  Increase.  The 
remaining  volume  may  be  occupied  by  water  or  by  another 
substance  co-crystal  llzed  with  the  col  lagen. 
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fllFTAky  LFAh  XMIIBITS  AVIAN  BONF  FRACTURE  HEALING 

Milton  A.  Lcsslcr  and  David  A.  Ray,  Dep»3rtaent  of  Physiology 

The  Ohio  State  University,  Columbus,  Ohio  43210,  USA. 

We  examined  the  effect  of  dietary  lead  poisoning  on  the 
growth  and  hc.il  Ing  of  bone  fractures  of  2  week  old  White 
Leghorn  cockerels.  Addition  of  O.ST'  lead  acetate  (5000  ppn) 
to  the  diet  markedly  Inhibited  growth  and  callus  reabsorp- 
clon.  At  14  days  post-hatch  60  chicks  (paired  by  weight) 
had  their  right  radius  fractured  by  gentle  digital  pressure 
leaving  the  ulna  intact  to  act  as  a  natural  splint.  The 
undacaged  left  wing  of  each  bird  served  as  a  control.  Half 
the  chicks  were  fed  Purina  Starcina  Mash  and  the  other  30 
had  0.5%  lead  acetate  added  to  their  diet.  The  chicks  were 
weighed  daily,  sacrificed  after  ''arying  periods  of  tiac, 
and  fracture  healing  was  studied  over  2  weeks  through  callus 
fon&ation  and  bony  union.  Mean  blood  levels  of  lead  rose 
above  600  g/dl  within  12  hours  after  addition  of  lead  to 
the  diet  and  regained  high  during  the  entire  cxperlnental 
period.  Chick  growth  was  depressed  approx iraatelv  60'^'  in  the 
lead-fed  cockerels,  but  there  was  little  observable  differ¬ 
ence  in  Initial  callus  forsation.  There  was,  however,  a 
significant  delay  in  callus  reabsorption  in  the  lead-fed 
chicks.  Oxygen-uptake  studies  of  healing  callus  showed  a 
tendency  for  elevated  nccabolisa  in  saaples  froa  the  lead- 
fed  chicks.  Analysis  of  epiphyseal  (growth  zone)  saaples 
Indicated  that  they  differed  significantly  froa  controls, 
suggesting  that  load  poisoning  increased  aincral  deposition, 
suppressed  linear  bone  growth  and  inhibited  callus  reabsorp- 
tlon  after  bone  fracture. 
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PHOTON  CORRELATION  OF  THE  EARLY  EVENTS  DURING  IH-VITRO 
COLLAGEN  FIBRILLOGENESIS. 

K  J  Payno,  T  A  King,  D  F  Holaes  and  K  E  )Cadler. 

Departaents  of  Physics  and  Medical  Bloph>slcs,  University  of 
Manchester. 

Photon  correlation  spectroscopy  (PCS)  is  a  sensitive, 
accurate  and  non-destructive  technique  of  rapidly  determining 
the  diffusion  coefficients  of  (Mcrcoolecules  in  solution,  we 
have  used  it  to  study  the  fonaatlon  of  the  early  aggregates 
of  collagen.  It  is  known  that  the  morphology  of  the  final 
fibrils  and  the  Intemediate  DlcroftbriU,  i»  critically 
dependent  on  the  way  the  solution  is  heat  precipitated. 
Furtheraore,  after  re-solution  of  the  collagen  the  solution 
exhibits  a  thomal  *oe&ory*,  the  mechanism  of  which  is 
unknown.  By  co'^partng  the  scattered  light  froa  two  solutions 
of  lathyritic  collagen,  one  possessing  thermal  memory,  it 
should  be  possible  to  inolcatc  whether  the  presence  of  stable 
nicroflbills  or  a  confortaaticnal  change  is  responsible  for 
the  aeoory  effect.  The  spectrometer  Is  of  advanced  design, 
capable  of  heterodyning  routlnoly.  A  sophisticated  nulti- 
exponential  curve-fitting  algorithm  has  been  employed  to 
analyse  the  correUtion  functions. 


174 

The  Retention  ^  •‘Propeptide-Like'*  Doraains  on  Type  V  ^  hi* 
2q,^  Coriageni  jid^the  ImplUation  on  Regulation  ^  Fibril 
PTaaeters. 

Type  V  and  la,2a»3a  collagens  are  minor  collagens  which 
constitute  a  soall  percent  of  total  collagen  in  tissues. 

Type  V  collagen  was  prepared  fren  acetic  acid  extracts  of 
lathyritic  chick  bone,  crop  and  tendon.  Cyanogen  bromide 
peptide  mapping,  rotary  shadowing,  analysts  of  segment  long 
spacing  crystallites  and  Identification  of  bacterial  colla- 
genase  resistant  dcnalns  were  used  to  characterize  a  higher 
molecular  weight  form  of  type  V  collagen  than  that  Isolated 
from  pepsin  extracts.  The  la. 2a, 3a  collagen  chains  from 
neutral  NaCl  extracts  migrated  sore  slowly  on  SDS-PAGE  than 
the  la  2a, 3a  fraction  Isolated  fron  pepsin  extracts  and  CNBr 
peptide  supping  confirmed  the  Identity  of  the  NaCl  extracted 
chains  as  higher  solecular  weight  foras  of  la, 2a, 3a.  Exam¬ 
ination  of  the  products  after  pepsin  and  bacterial  collagen- 
ase  digestions  suggested  the  presence  of  a  tenatnal  dersain 
slailUr  In  structure  to  the  «1no  propeptide  of  type  U 
collagen.  In  vitro  fibril  reconstitution  experiments  deoo- 
strated  that  t^^Tntact  foras  of  type  V  and  la,2a,3a  colla¬ 
gen  present  In  tissues  can  fora  well  defined  fibrils  with 
unIfora  snail  diameters  (230  A).  A  670  A  repeat  was  not 
clearly  observed,  but  a  landed  appearance  was  present  over 
short  segoents  of  the  fibrils.  In  contrast  to  the  fibrous 
aggregates  of  these  alnor  collagens,  types  I,  II,  and  HI 
fora  fibrous  structures  with  nonunIfora,  large  lateral 
dimensions  which  are  not  cylindrical.  We  speculate  that 
type  y  and  la.2a,3a  collagen,  unlike  the  major  fibrous 
collagens,  contain  Inforaatlon  which  enables  them  to  control 
the  diameters  and  cylindrical  shape  of  fibrils. 
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THERMAL  STABILITY  OF  COLLAGEN  FRAGMENTS  RESULTING 
FROM  HUMAN  FIBROBLAST  COLLAGENASE  DEGRADATION. 

C.C.  Danielsen,  Dept,  of  Connective  Tissue  Biology, 
Institute  of  ^natoray.  University  of  Aarhus, 

DK-8000  Aarhus  C,  Denmark. 

At  temperatures  well  below  tne  denaturation 
temperature  of  the  tropocollagen,  mammalian  colla- 
genase  degrades  collagen  by  one  specific  cleavage 
that  results  in  two  triple-helical  fragments  con¬ 
stituting  the  N-teminal  three-forth,  TC^,  and  the 
C-terninal  one-forth,  TC®,  respectively,  of  the 
collagen  molecule.  The  collagenase  cleavage  pro¬ 
ducts  of  type-I  rat  skin  collagen  were  isolated 
and  separated  by  gel  chromatography  and  recovered 
in  the  expected  TC^  to  TC®  mass  ratio  of  3  to  1. 

The  denaturation  temperature  of  the  two  collagen 
fragments  differed  only  by  O.S^C  and  was  about  S^C 
below  that  of  the  tropocollagen.  These  results  were 
valid  for  collagen  of  different  solubilities  (neu¬ 
tral-salt-soluble,  acid-soluble  and  pepsin-treated 
acid-insoluble  collagen).  An  asyirsnetrical  thermal 
'helix  to  random  coil*  transition  observed  for  the 
acid-insoluble  collagen  was  not  found  for  the  col¬ 
lagenase  degradation  fragments  of  that  collagen. 
This  finding  indicates  a  defect  of  the  acid- 
irsoluble  tropocollagen  molecule  in  the  vicinity 
of  the  collaaenase  cleavage  site. 
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COMPARATIVE  X-RAY  DIFFRACTION  STUDIES  OF  COLLAGEN 
J.  Bradshaw  .and  A.  Miller,  Laboratory  of  Molecular  Biophy&xce 
Departaont  of  Zoology,  South  Parks  Road,  Oxford,  UK. 

X-ray  diffraction  studies  of  collagen  fibres  give  datA 
which  are  well  defined  longitudinally,  but  cylindrically 
averaged  axially.  The  longitudinal  contribution  to  the 
diffraction  pattern  app<»ars  as  a  scries  of  Dcridional 
stripes  representing  orders  of  diffraction  froa  the  $7oX 
r-peat  of  the  collagen  fibril.  The  first  41  orders  have  been 
s*ASured  guantitatiwly  and  related  to  the  structure  of  the 
molecule  (H-Jines  et  al,  1977),  The  orders  above  nu^er  1$ 
are  alaost  entirely  due  to  the  aalno  acid  se<rJenco  of  the 
triple  helical  region.  This  infertution  can  be  used  to  study 
deletions  or  substitutions  in  the  aalno  acid  chains,  and  can 
show  how  other  aolecular  species  interact  with  the  collagen 
aolecule  (White  et  al.  1977).  Collagen  is  a  vital  structural 
coaponent  of  connective  tissue,  and  defects  In  the  collagen 
molecule  could  be  the  cause  of  aany  connective  tissue 
diseases,  we  ar«  using  diffraction  data,  particularly  froa 
the  l$th-4lst  orders,  to  detect  defects  in  collagen 
structure  in  connective  tissue  disorders.  In  collaboration 
With  the  Nuffield  Orthopaedic  Centre  in  Oxford  wo  are 
studying  Osteogenesis  Isperc'ecta  and  Fibrogenesis  Is^rfecta 
OssiuR,  and  se^-Ving  the  conn^tion  between  oole^ular 
substitution  and  pathological  consequence. 
fcf*»r« rc« 

HulRC-,  .Miller,  Wfiite  4  Doylc‘(197?)  j. Mol. Biol.  UO,C4)-6o6. 
fthitM,  Hulnes,  Miller  4  Titxiin'5(1977)  Nature  26C.  421-425. 


THE  DFVELOPJIENT  OF  AN  IN  VITRO  SYSTEM  FOR  THE  STUDY 
OF  PROCOLUGE-S  PROCESSING. 

K.f.  Wheatcr.  D.J.S.  Hulaes  and  J.A.  Chapoan,  Departaent 
of  Medical  Blophyatea,  Mancliescer  University, 

Manchester,  England. 

The  a^regstlon  of  acid  and  neutral  salt  extracted 
collagen  has  teen  studied  extensively  In  the  past  by 
other  workers.  In  the  present  study  a  cell  culture 
systea  has  teen  developed  in  which  the  enryalc 
processing  of  procoUagen  to  collagen  ard  the  resulting 
foraatton  of  collagen  aggregates  aay  be  analysed.  Chick 
eabry'A  tendon  fibroblasts,  i^lch  secrete  large 
quantities  of  procollagen,  are  grown  In  roller  bottles 
for  24  hours.  The  cells  are  then  cultured  In  a  saall 
“oluno  of  calclua-free  aedlua  for  two  hours.  Thus  the 
calclua  dependent  procollagen  protelnases  secreted  by 
the  culture  Into  the  aediua  are  reversibly  Inhibited. 
These  two  enxyaes  are  then  resctlvsted  by  the  addition 
uf  calctua  tons.  It  has  teen  found  that  the  h-protelnase 
Is  not  greatly  Inhibited  by  the  exclusion  of  cslcfae 
froa  the  culture  aediua.  this  suggests  that  It  requires 
only  a  low  concentration  of  calctun  or  that  the  calclua 
Ray  be  tightly  bound  to  the  enxyee.  The  C-protelnase 
actliTity  U  calcium  dependent  and  difficult  to  raise 
above  a  quite  low  level,  even  In  the  presence  of  high 
calclua  conctntrations.  Comparisons  between  the  types  of 
aggregates  observed  in  these  experiments  and  those  seen 
in  reconstUuton  experiments  have  teen  performed  with 
the  aid  of  electron  microscopy. 
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SOLID  STATE  KMR  STUDIES  OF  COLUGEN  MOLECULAR  DYNAMICS 
D.A.  Torchia.  S.K.  Sarkar,  Y.  Hiyaaa,  C.E.  Sullivan, 

MTRB,  NIDR,  NIH,  Bethesda,  HD,  USA. 

Collagen  is  the  major  structural  protein  In 
connective  tissjcs  such  as  tendon  and  bone.  In  tissues, 
collagen  molecules  are  assembled  into  fibers  having  high 
tensile  strength.  Internolecular  interactions  between 
collagen  molecules  control  fiber  assembly  and  stability, 
and  the  purpose  of  our  experiments  is  to  Investigate 
these  interactions.  Ve  have  labeled  (a)  reconstituted 
(uncrosslinked)  collagen  fibers,  (b)  intact  rat  tail 
tendon  (crosslinked)  and  (c)  intact  rat  bone  with. amino 
acids  enriched  at  specific  sites  with  ^H,  or 
NMR  lineshapes  are  sensitive  to  motions  having 
correlation  times,  t,  less  than  10  s,  and  analysis  of 
lineshapes  shows  that  the  protein  backbone  reorients 
through  root  mean  square  azimuthal  angles,  y  ,  of  41*, 

31*  and  14*  in  uncrosslinked,  cross-linked  a^^ 
mineralized  collagen,  respectively.  Relaxation  ^ 

parameters  are  sensitive  to  much  faster  motions,  t'-lO”  s, 
and  analysis  of  relaxation  data  for  each  sample  shows 
that  is  3-4  times  smaller  than  that  found  from  the 

linesh^l  analysis.  Ve  also  observe  significant 
flexibility  in  a  variety  of  labeled  sidechains,  a  result 
which  is  consistent  with  the  observed  backbone  mobility. 

It  is  nei^^worthy  that  we  observe  sidechain  flexibility  in 
mineralized  samples  where  backbone  mobility  is  nearly 
absent.  We  are  now  examining  peptide  nitrogen  exchange 
rates  and  the  effects  of  pK  and  water  content  on  collagen 
flexibility. 

ITS 

CRYCTALLIMITY  IN  COLLAGEN  FIBRIL  CROSS-SECTIONS  VISUALISED 
USING  A  NEW  IMAGE  PROCESSING  TECHNICUE 

D.J.S.  Hulnes,  D.F.  Holmes  &  C  Cuanlngs 

Dept.  Medical  Biophysics,  University  of  Manchester,  UK, 

Ke  have  developed  a  new  image  processing  technique, 
context  dependent  anisotropic  filtering  (CDAP),  to  visualise 
crystalline  molecular  packing  in  electron  micrographs  of  col¬ 
lagen  fibril  ultrath'n  cross-sections.  Previous  workdfulmes 
ct  al. (19$l)PNA5  78, 3S$7)  showed  that  the  4na  periodicity  in 
the  quasx-hexagonal  packing  scheme  could  be  detected  by  opt¬ 
ical  diffraction  of  electron  micrographs,  but  the  signal  to 
noise  ratio  was  too  low  for  the  periodicity  to  be  visualised 
directly.  Isotropic  bandpass  filtering  gives  insufficient 
increase  in  signal  to  noise.  CDAP  uses  autocorrelation  anal¬ 
ysts  to  determine  the  preferred  orientation  (if  any)  of  the 
4na  periodicity  in  all  parts  of  the  fibril,  and  then  uses 
this  information  to  anisotroplcally  filter  each  oart  of  the 
image  in  the  appropriate  direction,  Th<“  technique  gives  a 
large  lft<'rease  In  signal  to  noise  ratio  and  allows  the  crys¬ 
talline  dcoalns  to  be  visualised  easily.  The  technique  is 
sensitive  to  regions  of  short  range  order  which  are  not  read¬ 
ily  detected  by  ontlcal  diffraction.  The  results  show  that 
the  4na  pcrlodlcltv  Is  oriented  approximately  radially  from 
the  fibril  centre.  The  lattice  Is  distorted  In  some  regions 
and  there  are  several  lattice  discontinuities.  It  is  likely 
that  the  crystalline  order  Is  restricted  to  only  certain 
regions  of  the  .axial  f.gnm  repeat. 
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ELECTRONIC  STRITCTI’RFS  OF  COLLAGEN  MODEL  POLYMERS 
M.  Ohsaku  and  A,  Inamura,  ( e. 

V' ,  '"T’  ,'urw 

In  order  to  investigate  the  relations  existing 
between  tho  electronic  structures  of  collagen  and 
its  biochenical  functions  in  the  semi-empi¬ 

rical  CNDO/2  SCF  MO  calculations  were  carried  out 
on  several  model  polymers  of  collagen,  (Gly-Pro)n, 
(C.ly-Hyp)n,  (Ala-Pro)n,  (Ala-nyp)n,  (Gly>-Pro-Gly)n, 
(Gly-Hyp-Gly 1 n ,  (Gly-Pro-Pro) n  and  (Gly-Pro-Hyp) n . 
Geometries  of  the  skeleton  of  those  polymers  were 
assumed  to  bo  the  same  as  those  of  poly (L-prolino) 
I  (CIS)  and  II  (trans)  and  tho  calculations  were 
performed  only  on  infinite  polymers  in  a  single 
chain.  The  calculated  results  show  that  tho  cis 
form  IS  always  more  stable  than  the  trans  form  for 
all  the  polymers  treated.  The  energy  difference 
between  the  cis  and  trans  forms  depends,  o.  on 
the  kind  of  amino  acid  residue,  Gly  or  Ala,  but 
this  could  not  bo  seen  in  the  pro  or  Hyp  residue. 
The  flexibility  or  mobility  of  tho  collagen 
structure  was  attempted  to  oxolain  using  the 
obtained  energy  difference  between  the  cis  and 
trans  forms  of  the  polymers,  >.  tho  cis-trans 
conversion  of  tho  collagen  was  discussed  in 
connection  with  the  energy  difference,  Tho  reason 
why  the  collagen  has  tho  constitution  of  (Gly-Pro- 
Hyi)n  was  very  briefly  discussed. 
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METHODS  FOR  AREA  AVD  VOUDIE  MEASUREMENT  IS  THE  ASALYSIS  OF 
TISSUE,  P.F.HtlllBgton,  L.Juhaz  and  A. Robertson,  Microscopy 
Laboratory,  Bioengineering  Unit,  University  of  Strathclyde, 
Glasgow,  Gl. 

Special  methods  arc  needed  for  the  preparation,  sectioning 
and  norphocetric  assesssent  of  undecalcified  bone  and 
cartilage  but  it  is  the  accurate  ticasure&ent  of  tissue 
voluae  that  is  difficult  to  achieve.  The  weight  of  water 
displaced  through  a  syphon  is  the  aethod  often  chosen  but 
for  large  specieens  precision  is  liaited  to  about  3Z.  A  new, 
siRple,  rapid  and  accurate  aethod  using  a  linear  siagnctic 
transducer  has  been  developed.  A  aagnctic  float  in  a  side 
ara  of  the  nain  chaaber  changes  the  output  of  a  linear 
transducer.  A  calibrated  analogue  neter  displays  th 
displaced  voluae.  A  systea  of  concentric  plastic  inserts  is 
used  to  change  the  range  and  hence  sensitivity  of  the 
apparatus.  By  offsetting  the  output  voltage  accuracy  down 
to  0.1  b1  can  be  obtained.  The  equipaent  is  very  stable  and 
not  significantly  affected  by  floor  or  bench  vibration, 

A  dedicated  device  for  the  direct  aeasurecent  of  area 
frotj  T.V.  iaages  of  sections  or  photographs  has  been  used. 
These  two  oethods  facilitate  the  deterolnation  of  tissue 
cooponent  areas  and  voluaes  with  acceptable  accuracy. 
Measureaent  of  the  calcified  region  of  noraal  and  arthritic 
articular  cartilage  froa  0.6  <a  thick,  plastic-eabcdded. 
surface-polished  sections  deeonstrates  the  use  of  the 
equipaent.  Neither  itca  of  equipaent  is  expensive  to 
construct  and  aay  be  asseabled  in  any  saall  workshop. 
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SUBUNIT  STRUCTURE  AND  ASSEMBLY  OF  THE  GLOBULAR  DOMAIN  OF 
BASEMENT  MEMBRANE  COLLAGEN  TYPE  IV 
Sabine  Weber.  Ourgen  Engel,  Hanna  Wiedeoann,  Robert  H. 
Gianville  and  Rupert  Tirpl,  Biorentrun  der  Univer$itat 
Basel  and  Hax-Planck-Institut  fur  Biochemie,  Hartinsried 
Collagen  IV  is  assembled  in  the  basement  membrane  by  co¬ 
valent  and  non-covalent  interactions  between  the  end  regions 
of  the  molecules.  The  C-terminat  region  is  a  globular  do¬ 
main  (NC  1)  which  is  coc^osed  of  six  polypeptide  chains.  By 
ultracentrifugal  analysis,  high  pressure  gel  permeation 
chromatography,  light  scattering  and  electron  microscopy  it 
was  demonstrated  that  the  hexamer  dissociates  into  dimers 
(M^"56'000)  and  monomers  (M,.*28*000)  in  8  H  urea,  sodium  do- 
decylsulfate  or  in  the  pH-range  of  2.5  to  4,  Oimers  arise 
from  monomers  by  disulfide  cross-links  and/or  formation  of 
non-reducible  cross-links.  Mixtures  of  the  subunits  (mono¬ 
mers  and  dimers)  or  purified  dimers  reassembled  in  neutral 
buffer  into  hexamers  which,  however,  did  not  acquire  the 
full  stability  of  native  globules.  Circular  dichroism  spectn 
indicated  more  complete  refolding  from  acid-treated  than 
from  urea-treated  material.  Details  of  the  association  react¬ 
ion  and  mode  of  cross-linking  are  investigated  in  view  of 
the  important  problem  of  the  assembly  of  basement  membranes 
from  its  constituent  proteins. 
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REGULATION  OF  EXPRESSION  OF  THE  220,000  DALTON  SUBUNIT  OF 
LAMININ. 

M.E.  Durkin^,  S.L.  Phillips*.  S.M.  Gardner*,  and  A.E.  Chono. 
■^partnent  of  Biological  Sciences,  and  *Depdrt*sent  of  6io- 
chemistry.  University  of  Pittsburgh,  Pittsburgh.  PA,  USA. 

Retinoic  acid  and  dibutyryl  cyclic  adenosine  tconophos- 
phate  induced  mouse  embryonal  carcinoma  cells  to  synthesize 
and  secrete  the  basement  membrane  glycoproteins  laminin  and 
entactin.  Translation  of  messenger  RNA  from  induced  cells  in 
rabbit  reticulocyte  lysates  revealed  an  increase  in  levels 
of  translatable  messenger  RNA  over  controls  for  ooth  the 
220,000  dalton  subunit  of  laminin  and  entactin.  ONA  frag¬ 
ments  complementary  to  messenger  RfiA  derived  from  induced  F9 
cells  were  cloned  in  the  plasmid  pBR322.  Hybridization  selec¬ 
tion  procedures  resulted  in  the  isolation  of  a  plasmid  pl6 
that  contained  complementary  sequences  to  the  messenger  RNA 
for  one  of  the  220,000  dalton  subunits  of  laminin.  The 
cloned  ONA  fragment  was  used  to  analyze  the  kinetics  of 
appearance  of  laminin  messenger  RNA  during  induction  of  F9 
cells  by  retinoic  acid  and  dibutyryl  cyclic  adenosine  mono¬ 
phosphate.  Laminin  messenger  RNA  was  first  detectable  at  48 
hr  after  induction,  increased  by  5  to  10-fold  at  72  hr  and 
remained  relatively  constant  thereafter. 
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BIOLOOICAL  EPFECTS  OP  ELECTRIC  AND  UAGNBMC  FIELD  FORCES 
Dr  A  K  Rakshlt 

128  Harley  Street,  London  ffl,  England,  United  Kingdoa, 

The  artbretlc  people  suffer  froa  cocaen  allacnts  of  pain, 
various  degrees  froa  aoderate  to  severe,  stiffness  of 
various  Joints,  lack  of  aobllity,  or  severe  restriction 
of  aoveaents  and  poor  biological  fuactiea  as  a  Bale/ 
feaale  partner*  The  treatoent  with  Extreaely  Low 
Frequency  (E.L.F.)  and  low  intensity  electro-aagnetie 
irradiation  of  affected  Joints  or  parts  of  the  body  not 
only  iaproves  the  s>vtoaatology,  but  also  the  quality 
of  life*  Apart  froa  the  subjective  iaproveaents,  the 
significant  changes  are  noticed  in  the  radiological 
appearances  of  the  Joints*  In  seae  cases,  even  the 
restoration  of  the  pathological  processes  aay  be  seen 
in  X-ray  filas*  It  aeans  that  it  is  not  Just  the  arrest 
of  an  otherwise  progressive  disease,  but  the  reversal 
of  the  changes  in  X-ray  filas  aay  be  seen*  The  scien¬ 
tific  basis  for  the  biological  interaction  of  the  E*L*r* 
non-lontsing  eiectroBagnetlc  radiation  Is  further 
discussed* 

fhe  range  of  E*L*F*  (extreaely  low  frequency)  spectrua 
of  frequency  that  I  have  used  is  between  IHZ  and  50HZ 
(about  400  ttZ  iapulse  bundles  with  pules  frequency  of 
1I1Z  to  50iiZ)*  The  intensity  of  the  pulsating  aagnetlc 
floid  it  between  5  gauss  and  100  gauss*  The  period  of 
application  aay  be  varied  froa  1-99  mins*  Controlled  by 
ft  pulse  generator  feeding  a  60cd  coil  applicator* 
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THE  b/f  COMPLEX  FROM  THF  aANOBACTERIUK  SPIRULZ.VA  MAXZl^A.D. 
Conzalez-Halphcn  and  C.  CSscz-Lojero.  Dcparta=«nto  <!e  Sioquf 
axca,  CLWESTAV  del  IPS  Mexico.  D.F.  Mexico. 

Ve  have  previously  reported  the  isolation  of  a  P700*entiched 
preparation  froa  the  cyanobacterxus*  Sp4AUJtA/!A  mxxvn  usin^  a 
horse  heart  cytochrose  c-Sepharosc  affinity  colusa.  Ihe  dxi- 
fcrential  spectrua  (reduced  tsinus  oxidized)  of  this  prepara¬ 
tion  detected  the  presence  of  cytochrooe  f  and  cytoenrone  b. 
Both  P700  and  b/£  cosplex  could  be  separated  by  centrifuga¬ 
tion  on  sucrose  gradient.  The  partial  biochcaical  characteri¬ 
zation  of  the  b/f  cosplex  is  presented.  Special  interest  has 
been  directed  tovards  the  relationship  betveen  redox  cospo- 
nents  of  this  cvtochrooc  segsene  and  the  different  poly¬ 
peptide  bands  as  revealed  by  polyacrylaside  gel  clcctropbc- 
rcsis.  Two  different  approaches  were  used:  PACE  in  the  pre¬ 
sence  of  Lithius  Dodccyl  Sulphate  at  low  tesperaturcs  <4*C), 
this  technique  allowed  direct  spectroscopic  identification 
of  cytochroses  eluted  froa  the  gel.  Differential  staining 
procedures  were  also  utilized  with  both  heated  and  non- 
heaced  sasples  in  order  to  identify  the  cytochroses  (with 
cctrasethyl-benzidine)  and  the  iron  sulphur  cluster  (with 
OTto-phenanchrolinc) .  On  the  other  hand,  denaturing  gels 
with  sodiua  dodccyl  sulphate  at  rooa  tesperature  yielded  the 
polypeptide  electrophoretic  patterns.  Soac  other  properties 
of  thi?  preparation,  such  as  quinone  contents,  spcctroscopi- 
cal  features  and  cnzyaatxc  activities  arc  coapared  with  its 
aitochondrial  analogue,  the  bcj  cosplex. 
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OcLAYEO  LUMINESCENCE  FROM  CHLOROPLASTS  GENERATED  BY  EXTERKAl 
ELECTRICAL  FIELD:  PARTIAL  CHARACTERIZATION  OF  ITS  ORIGIN 
WITH  EVIDENCE  FOR  COMPONENTS  FROM  PHOTOSYSTtMS  I  AND  II. 

M,  Synon^.  S.  Malkin  and  fi.  Korenstcin,  Oepts  of  Herbrane 
and  Biochemistry.  Veizmann  lost,  for  Sci.,  Rehovot,  Israel. 

Delayed  loalnescencc  (OL)  from  photosynthetic  mesbranes 
is  a  complex  phenomenon,  with  so  far  only  partial  character¬ 
ization  of  its  oriqin  (i.e.  precursors  and  reaction  path¬ 
ways),  particularly  since*  following  preilltnination,  there 
are  many  ways  to  trigger  the  OL.  such  as  an  acid-base  jump 
and  application  of  an  external  electrical  field.  The  latter 
phenomenon  is  called  electrophotoluminescence  or  EPL,  which 
is  especially  narked  in  blebs  (swollen  vesicles  ori9in3tift9 
fro«  chloroplasts  under  hypotonic  conditions)  where  the  na¬ 
tural  OL  can  be  stinulated  by  3  orders  of  nagnitude.  EPL  in 
blebs  has  two  distinct  kinetic  components,  rapid  R  and  slow 
S,  which  can  be  experlnentally  separated  at  low  pH  (  k,5-6). 
In  chloroplasts  only  the  S  phase  Is  observed.  Our  results 
are  consistent  with  the  S  phase  being  elicited  by  PSIl  and 
the  R  phase  by  PSI.  This  attribution  is  predoninantly  subs¬ 
tantiated  by  the  difference  in  action  spectrum  of  the  two 
phases  and  their  different  dependence  on  electron  acceptors 
and  Inhibitors.  Besides  their  interest  for  the  study  of 
photosynthetic  electron  transport,  these  results  have  rele¬ 
vant  implications  concerning  chloroplast  nerbrane  organiza¬ 
tion,  since  we  previously  suggested  the  R  prccurrors  to  be 
located  In  the  bleb  wall  (possibly  resulting  from  stroma 
lar«llae)  and  the  S  precursors  In  the  patches  attached  to 
the  bleb  (possibly  resulting  from  the  chloroplast  grana). 
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PARTIAL  CHARACTEP.I2ATI0S  OF  P700  COMPLEX  Uf  Tkit  Cl^A.NoBACiLr'.- 
CM  Sp4AuUfJi  MXJwnt  ISOUTED  BY  DET'iiGtNt/POLYACRIlAIIDE  OEL 
ELECTROPhORESIS  AT  6^C.  C.  Coaez-Lo^tro  and  B.  PCrez-CGauz. 
Depco.  dc  Btcqulcica  C1NV.1STAV-IP.N.  Apdo.PobCul  :icxicc 

After  incubation  of  chylakoidal  photosynthetic  aeabrane*- 
fioa  SpeAutotz  mxxona  in  the  presence  of  Lithiua  Dodecyl  Sul¬ 
phate  (LDS)  in  ice  during  10  oinutcs  and  with  a  10  to  73  de¬ 
tergent  chlorophyll  ratio  (v/u  basis),  two  sain  protein-chlo¬ 
rophyll  eoeplexes  were  separated  by  LDS-PACE  at  «  C.  (I>.  At 
the  electrophoresis  front,  a  brown  band  corposed  princip.ill/ 
of  carotenes  and  less  than  1S>.  of  the  total  chlorophyll  of 
the  gel  was  observed. .The  green  band  with  less  aobiiit>  and 
n>rc  chlorophyll  content  (PCI)  was  extracted  fros  a  7%  poi}- 
acrylaaide  gel  with  a  0.12  LDS-buffer.  and  30/.  of  the 

complex  recovered.  This  PCI  fractioi.  presents  a  uhift  oi  i  re 
in  the  red  wavclcnght  absorbcion  caxieum  and  has  a  low  caro¬ 
tenoid  content  compared  with  the  intact  renarane  fraction. PCI 
IS  able  tc  bleach  at  700  ns  in  the  presence  of  actinic  light 
and  Its  rccolorization  is  accelerated  b>  cyt  c533.  SDS-P.\CE 
(112)  at  rooa  tesperature  shows  7  to  B  polypeptides  ranging 
froa  6  to  70  kd.  It  is  possible  to  transfer  PCI  froa  11/.  to 
72  polyacrvlaside  gels  with  IDS.  without  the  presence  of  chic 
rophyll  in  the  iront.  it  can  also  be  rerunned  at  on  Deso- 
xicholate  (DOC)-PAGE  (2).  This  exchange  of  detergents  is  a 
sethodological  isprovescnt,  due  to  the  fact  that  Dc>C  is  a 
dializable  and  aild  detergent. 

1. -  Delepclaire.  P.  and  Chua  X.H.  (1979)  Proc.  Natl.  Acad. 
Sci.  U.S.A.  76.  m-iis. 

2. -  Picaud,  A.,  Acker,  S.,  and  Duranton,  J.  (lybZ)  Photosyn¬ 
thesis  Res.  3.  203-213. 
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EFFICIBCY  E\HASCFMFXI  OF  FREE  ESERCY  IRARSDICTION 
THROir.«  LOCALIZED  PROTOS'S 

0.  van  Kooten  and  W.J.  Vredenberg 
Ccn.  Foulkesvcg  72 
6703  BW  WAGES IKCEN 

Transaeobrane  electric  potential  transients,  measured  in 
thylakoids,  indicate  the  existence  of  localized  chemiosno 
tic  potentials  at  the  onset  of  illuaination. 

Ccaparison  of  reasurenents  with  theoretical  calculations 
explains  the  transient  kinetics  and  the  efficiency  of 
free  energy  transduction. 
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CONTROL  OF  THE  KINETIC  PROPERTIES  OF  MEMBRANE  BOUND  INORGANIC 
PYROPHOSPHATASE  BY  DIVALENT  CATIONS. 

1.  Roacro,  H.  C^lls  and  A.  Cdacz-Puyou,  Centro  dc  Invcstlga- 
ciones  en  Flsiologfa  Cclular.  Unlv.  Nal.  Autdnoaa  dc  Mlixico, 
MFxlco,  D.F.  MEXICO. 

The  relation  that  exists  between  the  Pj— PPj  exchange 
reaction  and  pyrophosphate  hydrolysis  by  the  ocabrane  bound 
pyrophosphatase  of  chroaatophores  of  Rf^03pttKllin  rubrm 
was  studied.  Optimal  rates  of  hydrolysis  arc  attained  at 
1  bM  Mg^"*^  and  the  rate  of  hydrolysis  correlates  with  the 
concentration  of  Mg-pyrophosphate,  which  Indicates  that  the 
latter  is  the  substrate  for  hydrolysis.  The  Pj — PP(  exchange 
reaction  is  low  at  concentrations  of  added  ugncslua  below 
1  qM  but  rises  as  the  concentration  of  In  the  media  is 
increased.  The  rate  of  Pi"~PPi  cxchinge  reaction  depends  on 
the  concentration  of  MgKFO^  thus  indicating  that  this  is  the 
substrate  in  the  exchange  reaction.  The  optimal  pH  for 
hydrolysis  is  6.3.  while  that  for  the  exchange  reaction  is  8.0. 
At  pH  6.5,  Mg2'*‘  can  be  replaced  by  and  Co^  in 

the  hydrolytic  reaction.  Significant  rates  of  exchange  reaction 
can  be  achieved  with  Mn^^  and  at  concentrations  below 
1  mM  at  pH  8.0,  The  results  indicate  that  the  kinetic 
pruperties  of  membrane  bound  pyrophosphatase  are  controlled 
hy  the  concentration  of  divalent  cations.  The  ratio  of 
p>leculc8  of  pyrophosphate  hydrolyzed  to  those  which  undergoes 
Icxchange  decreases  by  more  than  an  order  of  magnitude  as  the 
jconcentration  of  Mg^***  in  the  media  increases.  This  can  only 
be  explained  as  a  divalent  cation  induce  a  change  in  the 
[relative  rates  of  the  steps  of  the  catalytic  cycle. 
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TPirLn‘-VIK''S-?INGLET  ABSnPEANCL  DIFfEMtNCE  SPECTRA  OF  THE 
PRI'IARY  CON-'R  OF  THE  GREEN  PHOTOSYNTHETIC  BACTERIUM  PROSTHE- 
COCHirpir  AESTL’ARII 

H.  Vaj-.el.  H.-J.  Jen  Pisnki'n,  J.T.  Pxjkaan,  A.J.  Hoff  and 
J.  Atesz,  Pepartr-cnt  of  Biophysics  and  Centre  for  th**  Study 
of  the  Excited  States  ef  '*olecuios,  Huygens  Laboratory, 

State  I'ni/ersity  Leiden,  I/?iden,  The  Netherlands. 

To  obtain  information  cn  .he  structure  of  the  primary 
donor  PdUo  of  the  green  bacterium  FrosthccochXcrxs  aestuarii 
we  ha/e  applied  the  technique  of  absorbance-detected  electron 
spin  resonance  in  zero  nvnetic  field  (AEMR)  to  a  photochen- 
ically  active  pigrent-protein  fraction  derived  froa  the  bac¬ 
terial  membrane.  TYie  triplet-ninus-singlet  absorbance  differ¬ 
ence  spectra  thus  -obtained  (at  i.?  K)  show  negative  bands  at 
MB’  and  8C6  nn,  a  onall  absorbance  increase  at  na  and  a 
band  shift  centered  at  ob?  iw.  The  latter  finding  confirms 
the  presence  of  Biheo  e  or  a  related  pigment  in  the  vicinity 
of  the  primary  donor.  We  also  dotemined  the  polarization  of 
the  two  negative  bands  relative  to  the  triplet  axes  system 
and  found  them  to  be  practically  rarallei.  We  conclude  that 
there  is  no  rj'ectral  evidence  for  the  existence  of  two  re¬ 
solved  exciton  bands  attribuable  to  the  pricaiy  donor  of 
Prosthecochloris  aestuarii.  The  method  also  allowed  the  accu¬ 
rate  determination  of  the  zero  field  splitting  parameters 
|D|  and  1e|  of  r?i.0,  '03. A  (♦  0.7)  x  10- W  and  36.7  C+O.T) 
x  resi^ctively.  Decay  rates  of  {*  ‘^00)  s"”, 

3<)20  (♦  300)  s"^  and  (♦  *00)  s"'  were  observed  for  the 

X,  y  and  z  triplet  sublevels,  respectively. 
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LOW  TEXPEftATURE  STRESS-INDUCED  INJURY  IN  BEAN  LEAVES 
INVESTIGATED  BY  CHLOROPHYLL  FLUORESCENCE 
IN  VIVO 

M.N.TonaScvld,  J.M.Kurepd  and  V.V.U'"oaevii 

Chlorophyll  fluorescence  technique  has  been  used 
to  investigate  the  changes  in  photochetaicai  function  of  de¬ 
tached  bean  leaves  chilled  at  0  C  in  dark  up  to  36  hours. 

The  changes  due  to  detachtaent  have  been  taken  into  account 
in  order  to  analyse  the  chilling  injury.  Fluorescence  emissi¬ 
on  kinetics  at  665  na  (F685)  nd  735na  <I'735)rj3,  as  uell  as 
the  fluorescence  eaission  spectra  were  measured  at  20  C  after* 
the  chilling  treatment.  Significant  changes  vere  observed  on 
the  fluorescence  induction  cujrvcs  for  both  wavelenghts.  The 
oeasured  variable  fluorescence  (Fv)  decreased  almost  linearlj 
with  the  time  of  treataent.  Decrease  was  expected  and  irpliec 
that  PS  II  was  more  affected  by  this  treatment  than  PS  I. 
Pnotochenical  function  obtained  fron  relevant  Fv  and  Fp  va¬ 
lues  for  both  tiQvelenghts  has  show  decrerse  up  to  00%  of  its 
control  values.  The  fluorescence  emission  spectra  have  been 
corrected  by  detection  system  efficiency  factor  and  the 
results  have  been  analysed  and  compared  to  the  known  data. 
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ISOLATION  OF  PARTICLES  CONTAINING  CHLORIDE  I0.VTR.A.NSP0Rr  ACTI¬ 
VITY  FROJl  THYLAKOID  MEM3RA.NES.  V.  Vasbutas,  Dept,  of  Biochca. 
Mount  Sinai  School  of  Medicine,  New  York,  N.Y.,  USA 

Thylakoid  neabrancs  are  known  to  be  pcnaeable  to  a  nu^er 
of  cations  Na*/  and  anions  (Cl*,  Br")  which  func¬ 

tion  as  counterions  during  proton  accuaulacion.  It  has  been 
suggested  that  Cl*  oay  perceate  the  ^hylakold  ractabrano  via  a 
specific  channel  (protein(s)).  The  results  of  a  search  for 
jsueh  a  channel  are  sucaarized  in  this  report: 

I  Particulete  proteins  extracted  froa  thyiakoid  ccaorancs 
were  incorporated  into  phospholipid  vesicle  eenbrancs  and 
(were  found  to  stlaulatc  Cl*  efflux.  This  stlaulationvas  in¬ 
hibited  by  plretanide,  an  electrogenlc  Cl“  transport  inhibi¬ 
tor.  The  Ion  tran$port-Uke  activity  disappeared  from  the 
extracted  proteins  after  trypsin  digestion.  Cl*  efflux  froa 
phospholipid  vesicles  which  contained  trapped  KCl  and  which 
were  reconstituted  with  thylakoid  cenbranc  protein  particles 
was  accoepanied  by  K*  efflux.  Vallnonycln  enhanced  Cl*  efflux 
only  slightly.  SDS-polyacrylaaidc  gel  electrophoresis  suoved 
six  aajor  polypeptides  to  be  present  in  the  ion-efflux  active 
particles.  In  order  to  lend  additional  validity  to  reconsti¬ 
tution  expcrl&ents,  antlserua  was  raised  to  ion-efflux  active 
thylakoid  eenbrane  particles.  This  antiscruxi  inhibited  cation 
driven  Cl*  Influx  Into  Intact  non-energlzed  (darkened)  thyia- 
kolds  by  about  502.  The  inhibition  was  proportional  to 
antlserua  concentration. 

These  observations  support  the  notion  that  anions  such  as 
Cl*  penacate  the  thylakoid  ee&brane  at  least,  in  part,  via 
protelnis)  and  that  such  a  proteln(s)  is  present  In  the  iso¬ 
lated  particles.  This  work  was  supported  by  N$F  Grant  No. 

FCM  81156152. _ 
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SIMULATION  OF  THE  SPECTRAL  PROPERTIES  NEAR  THE  I.R.  REGION 
FOR  REACTION  CENTERS  OF  THE  PHOTOSYNTHETIC  WCTERIA 
AND  THE  POSSIBILITY  OF  NEW  INTERMEDIATE  IN  PRIMARY 
PHOTOSYNTHESIS 

A.  Schefi  ond  W.W.  Pofion*.  BIoehemHtry  Oeportwenl,  WeJxmonn 
institute  of  Science,  Israel  and  *Univ,  of  Woihlngton,  Seattle,  USA 

The  oscillotor  strength  or  the  iovrer  most  transition  in  several  photo- 
sy.MlwIie  bacteria  vras  found  to  be  higher  by  a  foctor  of  2,6  from  the 
corresponding  value  for  6Chl  (Bocterlochlorophyll)  monomer  in  vitro. 
The  former  is  also  koovin  to  be  optically  oclive  end  is  shifted  by  7(^- 
\000  cm*^  when  corpored  with  the  Qy  transition  of  6Chl  monomer. 
SImilor  phenomeno  ore  observed  for  dimers  of  BChl  and  6Ph  (bocterio- 
pheophytin)  in  Triton  X-100  and  LDAO  respectively.  Tl.ey  are  shown 
to  be  due  to  intensity  borrowing  from  Qx  ond  Bx,y  ro  Qy  Irantiiions. 
First  order  exiton  theory  thot  includes  dipolar  Interactions  b«t>^ennon 
degenerate  states  Is  used  to  simulate  all  the  ^pectrul  (eotures  in  vivo 
and  in  vitro.  A  ipeciol  dimer  structure  is  proposed  for  the  primory 
donor  shown  to  bo  ^sistenl  with  recent  endor  data.  Excitation  ot 
the  primory  donor  is  predicted  to  induce  obsorption  decrease  at  the 
lowermost  franslllon  which  is  3  times  higher  then  the  integrated  obsorp 
tion  Increose,  Upon  oxidotiois,  similar  phenomeno  is  expected  and 
therefore  the  spectral  variation  oround  800  nm  in  K.spheroides  and  84C 
nm  in  R.virldis,  includes  on  obsorption  increose  that  followed  the  can¬ 
cellation  of  excitoo  Interoction  In  F-860*  or  P-970\  The  oecomponiec 
decrease  at  slightly  lor>ger  wavelength  must  reflect  the  bleocfiing  of  or 
occessory  BChl,  The  accessory  BChi  is  probobty  modified  before  elec¬ 
tron  is  transferred  to  BPh. 
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li«UKC,Adb  iS*  PnLK  KfcAOtiON  AN  rttUiObia-IHy  lA  UfUN 
CnflON  OcM.tTK/K.  bViDbNCfc  ?R0i..  -  Ihi^lCED 

STir*.ULn'’‘ION  OF  YIcLO  OF  h/»DF  RcuLOriON  IN 

IbOLnrci)  t&n  CflLC^OA'LnoTS  . 

Sat  11  bose.  School  of  Biological  Sci ences,?<adurai 
Kanaraj  University,  Kadurai  625  021.  INblA. 

Effects  of  Kg++  on  the  flash  yield  of  NnOP 
reduction  have  been  studied  in  isolated  chloro- 
plasts  suspended  in  low-cation  r.ediup..  Upon 
addition  of  5  c■.^‘  ^6^2  flash  yield  increased 
at  all  intensities  ana  frequencies  of  the  flash. 
At  low  frequency  (9  per  sec)  and  io-v  flash  inten¬ 
sity  the  magnitude  of  increase  was  ICO^  which 
decreased  to  25?»  as  the  flash  intensity  was  incre- 
ased  to  saturation.  The  nagnitude  of  stipulation 
at  low  fldSh  intensity  rerained  unchanged  through¬ 
out  the  frequency  range  (9to220  per  sec)  used. 

At  saturating  intensity  the  stipulation  increased 
fron  25ju  to  100?»  as  the  flash  frecuercy  was  incre- 
ased  fron  9  to  65  per  sec.  It  is  concluded  that 
in  absence  of  considerable  tack  reaction 
occurvd  between  t.he  primary  photooroducts  result¬ 
ing  a  decreased  flash  yield  of  KAbp  reduction. 

In  presence  of  Kg*”*"  the  back  reaction  is  prevented 
resulting  a  stimulation  in  the  flash  yield. 
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the  catalytic  sue  m  photosynthetic  oxygen  eyovotion 

6.C.OUauVeA.O.A.At>rAiT-.owic2.ft.OAooaer  and  P.HAtH<s*,  of 

Ch«n»stry,  Hfinetton  Univtrsity,  Pr<riC«ton,N  j.C554i  USA  and 
♦  Serv.  4t  61ophys*que.  CEN  Saclay,  SU9T  GU-Sui"YveUe.  Pf 
PhotuiyfttHetK  ffz  ♦volutie*'  catalyzed  Hy  an  enzyme  'OEC* 
which  can  exist  In  5  T'edox  slates  S  ,  .$  cheated  hy  flash 
illiretnatSon.  The  s?  state  e*hlhi»s^d  mulfuine  Epp  S'onal  due 
to  hyoerflne  structure  ihfs'  from  ?  or  A  ifit^ractinQ  Hn  ions 
1ft  a  mixed  valmc*  state.  PSII  eartsdes  enriched  ’n  the  Ofj 
exhibit  Hn  hfs  with  core  resolved  oeaxsdS-U)  than  in  chloro- 
plastsMT-lS'.  Synthetic  Knjdll.lvi  coaelexes  have  only  I6 
major  hfs  peaks  and  do  not  predict  rne  end  peaks  in  particles 
Sieulatlons  usino  hfs  parameters  for  Hn?(ll,|il»  dimers  pre* 
diet  the  positions, but  not  the  intensuUs.of  all  peaks  Tetra* 
nuclear  clusters  of  Kn^tju.m)  and, less  50,^04(11, Jill)  pre¬ 
dict  both  intensities  and  positions  satisfactorily.  Also  U 
Resolved  $uper-hf$  indicates  Hn  coordination  by  two  N  nuclei 
or  possibly  an  I-?  nucleus  IC1  or  Cul.^lCl'  depletion  deact* 
iva|es  S|-*S0  froa  whl^h  lOOt  Sj  can  be  fortiea  by  t  successive 
1  e  oxidations. 3)no  h  release  occurs  for  at  this  “n 

slteiOSj  nultlline  slcnal  1$  lost  upon  removal  of  a  JJkOa 
peripheral  protein.but  not  upon  removing  proteins  of  17-and  ?3- 
kDa.$)2-J  of  the  4  Mn  ions  m  particles  are  co-released  with 
the  JJkOa  protein, 5)aild  extractions  with  chemical  oxidants  re¬ 
lease  the  JJkDa  protein  containing  2  Hn  In  a  btnuclear  sUe.U 
The  nanganoproteln  reconstitutes  JCn  of  the  original  O^ito  de¬ 
pleted  ciemnranes.  No  recovery  Is  found  with  the  apoproteln.81 
The  OEC  reacts  with  v.Ch  to  delay  0,lby  ceneration  of  •Nhom 
which  int-?racts  oacneilcally  with  thi  hEC.9)  The  $2  state  ex¬ 
hibits  Vi  IR  electronic  trapsUion  <a  max-AOh  H”'c«*’i  This 
oscillates  in  yield  every  4^  flash  of  Uoht  and  is  out  of  phase 
with  0^  release  by  2  fU^n^s.  This  could  he  analoonus  to  the 
intervalence  electrnnic  transnion  present  in  the  mixed  valencn 
state  of  synthetic  Hn  clusters  or  to  a  Cu  Hoand  finld  band. 
iiSOA-WO.Searle  5c*'Olar.MH-a‘i?87fl9.N$r,CHER?. WO^O.CEN-SacUv. 
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Holecular  Orbital  Study  of  the  Water  Oxldation-Ceprotcnation 
Processes  in  Photosynthesis. 

H.  Kusunoki,  Physics  Lab.,  Faculty  of  Enqlneerlno,  I'eljl 
t‘niv.V  Xawasak  1  -shi ,  214,  Janan 

The  water  svIUtino  reaction  in  PS2  1$  believed  to  be  ca¬ 
talyzed  by  a  special  Mn  cluster  Involved  In  one  of  47  kD,  4} 
kO  and  33  kD  proteins.  Phenonenolooically,  the  water-splUt- 
tn'g  enzyne  systen  nust  cycle  throuoh  the  four  stable  or  lono- 
lived  states  So*S|-S2*S3-Sa  before  liberating  one  molecule 
of  0?  uoon  Its  successive  four  electron  oxidation  with  Just 
two  water  molecules.  To  explain  this  periodicity,  we  proposed 
in  previous  papers  a  •rucrosurface*  RCdel  in  which  two  Mn  at- 
0**$  fom  a  catalytic  nicrosurface  of  protein  where  a  water 
dieer  is  absorbed  to  be  oxidized  and  deprotenated  step  bv 
steo.  In  the  deprotonatton  enernetics  usino  ab  initio  ICAO-H 
C-SCf  relhod,  we  assumed  that  protons  are  released  into  the 
water  layer  covering  che  active  site  of  protein.  The  effect 
of  nonplanar  ligands  m  the  double-zeta-level  calculation  is 
estinated  tor  sc?e  oxidattoirdeprotonation  inteiredlate  states 
of  (H^O)^  bound  to  Hn(n),  Hr»(ni)  or  Kn(iv).  These  calculat 
ion  lead  to  a  second  nodel  of  nolecular  nechanisn  different 
fren  the  first  one  proposed  based  on  the  calculations  in 
the  case  of  olanar  ligands.  In  the  second  nodel.  Si  ray  re- 
iMin  as  stable  as  Sg  nainly  due  to  a  sign  change  to  anti- 
feri^nagnetlc  superexchanne  interaction.  Further,  Sj  seers  tu 
include  a  Hn(llI*,IV*)  cluster  in  aoreecent  with  the  conclu¬ 
sion  of  Diseukes  F  Sldler.  But  we  can  not  exclude  the  possi¬ 
bility  that  the  EPR  hyperfine  lines  ray  originate  froa  non- 
cataivtic  KnMI»,IIl«)  cluster  cannetically  coupled  with  the 
catalytic  i'n{ini,II10  cluster  in  the  first  nodel. 
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A  '•l.iJL  CCA  ThC  CHCTt:3''”'-CT!C  UMT 

P't'.al  ijiC.  SiGu'ii  Scr'c<>l  o''  Life 
33'^t3.fur  Jniverilty,  I'yoti  Vihjr 
"6-  C1  Cri?-a» 

'He  t3sic  <.rit  c*'  t^c  oi'‘'^en*  systori  o'*  the 

''e’'?‘r*<^es  is  rrcoc^e-i  to  consist  o'  3-4 
coicrco^vil,  '  c-itctercicf  and  3-4  gaiactoiipid 
'^c1‘-'-lU'S  witfin  a  noliov /J-sheet  donoated 
orcteir  ccvcr.  P^vtoi  chains,  qal ■sctolipids  and 
cjrcten-id  fcr'^  a  liooch.lic  red  iiko  core  and 
corrhvnr  ri'^cs  are  prci^cted  like  the  petals  of 
a  The  b’sic  units  and  asfOCi«>ted  proteins 

^re  crenosed  tc  be  orcanised  in  a  throe  dimen¬ 
sional  doublo  henisrherical  array.  The  li^ht 
harvestir-a  crctcin  conclex  for'»s  the  continuous 
nutc-r  layer  the  array.  Cno  henischere 

contains  oh''*osv«te*"  I  and  the  other  photesysten 
!I.  Pe^cticn  centers  are  at  the  centera  of  the 
he'^irrnores  snd  on  the  inner  side  of  the  thyla- 
•'Oir.  ne^'br.^nfts.  Tho  rubber  of  chlorophylls  tS48) 
ir,  the  array  it  -“>:<^iQned  kecem^  in  vieu  the 
c»ose  nac-'ino  o'  the  piomcnts  in  each  layer  in  a 
"e’b'ane  th;'  ness  o'  about  100  The  model 
exrl^ins  -rost  of  the  experimental  data  and  can  bo 
s<Jb:ecte';  to  mathematical  treatments. 
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A  TECHNIQUE  fOP  THE  BECONSTITUTIW  OF  PHOTOSYNTHETIC  OXYGEN- 
EVOLVING  PARTICLES  FROM  PHORMIDIUM  lAMINOSUM 
A.W.D.  Larkun*,  J.  Bowes  and  D.S.  Bcndall,  Biochenistry 
Pepartaent,  thivcrsity  o{  Carbridge.  Cambridge,  O.K. 

Highly  resolved  particles  enriched  in  photosysteo  II 
cosponents  and  light-dependent  oxygen  evolution  have  been 
prepared  froa  thyleOcoids  of  Phomidiun  laninosun  (Bowes, 
Stewart  and  Bcndall,  1983.  Biochia.  Biophys.  Acta.  725,  210- 
219).  “niesc  particles  have  been  inserted  into  the  sesbranes 
of  liposoacs  prepared  froa  Phomidirni  lipids  using 
polystyrene  beads  to  renove  detergent.  Khcn  nixed  in  ratios 
of  lipid  to  protein  of  20:1  to  50:1  the  technique  is  success¬ 
ful  in  incorporating  100  percent  of  the  particles  into 
proteoliposoacs  which  sediment  as  a  single  layer  on  a  sucrose 
gradiient.  The  proteoliposojses  show  rates  of  light-dependent 
oxygen  evolution  simlar  to  the  original  particles.  Freeze- 
fracture  studies  show  a  single  population  of  particles  in  the 
liposoBc  taerbrane.  The  stability  and  effects  of  osmotic 
concentration,  riediua  conposition  and  lon-exchange  ^roaato- 
graphy  on  the  proteoliposoae  preparations  have  been  studied. 
Criteria  useful  in  assessing  the  success  of  reconstitution 
will  be  discussed. 

•  Cn  leave  froo  School  of  Biological  Sciences,  University 
of  Sydney,  N.S.W.,  Australia. 
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CFIE'.TATIO*.  OF  PECOX  CENTEPb  2?.  THE  CYTCCHROME  b/c.  CO*'- 
?L£X  AND  BACTERIAL  FHOTOSYWHETK  REACTION  CENTERS' 
r.*-.  Tied*.  P.  Rich*,  Y.  'regust,  J. 

ServK.-^-  Siophy;>iqa<*,  CEN/Saclsyi  5if  suf  Yvett«*.  Franc*. 
*5*pt  of  ,  Univ.  of  Cm-bndfie,  Tennis  Court 

C3i“brid£*.  U.y. 

**-  'll”*  b<'*r'  ctjdirta  organization  of  the  redox 
c*nt*r!?  fcithin  th*  bacterial  photosynthetic  r*action  c*n- 
t*r  'RC)  *.*1*  photosynth*tic  and  nitochondrial  cyto- 

chro**  b/c,  co*'pi*x*&  U4>ing  optical  and  EPR  sp*ctroscopies 
.)*'  orient"3  -e-bran*s.  Th*3e  results  provide  i  ctructuril 
fra-''*orx  for  th*s«  el*ctron  transfer  r*ictions.  ii^ith  the 
r:,  i  plan*  form*d  by  the  0  '  msiticns  of  th*  bacterio- 

p^'optytin  acc*ptor  is  founV  to  li*  at  an  angl*  >60*  to 
♦h*  plir.*  for-'-'d  by  th*  0  transitions  of  the  primary 
d'-ror,  the  bacteriochlorophyfl  dim*r.  Thi.»  indicates  that 
th*  p-i-ti-escal*,  *l*c*ror.  tvinn*ling  must  b*  occurmg  bet- 
redox  c*nt*r>  *hich  ar*  fixed  by  th*  protein  to  hav* 
i  r opl  arar,  and  possibly  perp*ndicular  alignment.  A 
siriiir  orthvonal  arrsngenent  is  )>**n  for  th*  electron 
t-fir'ling  co*pi*x  for-ed  betw*<n  a  cyt  c  h*-**  and  th*  RC 
if  C  .'inovi-.  Bith  th*  b/c.  c>  “'pUx  in  both  bacterial  and 
'itccf ondrial  *‘e'*brine>,*  tn*  dichroisms  of  th*  high  and 
.0*  potTitiii  cyt,.  b  show  that  th*se  hemes  >re  ori*nted 
xTki  p* rp*ndicular  to  th*^  membrane  urfac*  (  ^  .>  60*), 
th*  c,  h*"'  ->ho*!j  no  Jichroism  which  may  indicat*  a 
'lit  r.*ar  "*^t*  ’''■ijjic”  angle  of  bb*  with  r*sp*ct  to  th* 
urf5ic» . 
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LPR  SnJDlES  CF  ■niE  HJCrroaffMISIKY  OF  rsii. 

J-L.2imGminn  and  A.W,Fwthcrford#Scrvlcc  dc  Dlophysltfic, 
Centro  d'Etudos  Nljclfcilrcs  do  Saclay,  9U91  Glf-sur-Yvcttc 
Codox, Franco. 

A/  Oxwen-o^Jt>lvlng  enzytre. 

Xt  has  bc^  suggested  tKit  tho  charge  storage  state  S*  is 
associated  with  a  znoltiUno  ETR  signal  attributable  to  a 
Pdxod  valence  nailtinoclear  Kn  duster  (Disiukcs  and  Sidcrer, 
1980)  .This  signal  has  been  studied  in  isolated  PSII  particles 
and  tho  follcwing  results  have  been  obtained: 

1- Tho  sigml  orrplitudo  oscillates  with  a  period  of  fourCma- 
xlra  on  flashes  1  and  S)  .This  clearly  indicates  an  associa¬ 
tion  with  the  Sj  state. 

2- The  Ir^xovod  resolution  u^uiinod  in  this  study  s)«>^  that 
nore  lines  are  present  than  previously  reported  .This  iray  have 
important  consciences  on  tho  rodel  ukd  to  explain  tlic  ori¬ 
gin  of  the  signal. 

3- <Uyccro)  enhances  tljc  amplitude  of  the  signal  but  this  ef¬ 
fect  is  to  a  chinge  in  relaxation  properties  rather  tiun 
on  Ircroise  in  spin  concentration. 

4- Doactivation  studies  indicate  tl^t  acceptor  side  electrons 
ore  involved  in  roccTiblnation  reactions  with  S2. 

5- Thc  relationship  of  the  irultilinc  signal  with  otlicr  donor 
side  oerponents  is  under  investigation. 

B/  The  acceptor  side. 

He  have  obtained  the  follcwin^  data: 

-A  new  £PR  signal  associated  with  KFe  is  reported, 
-licrbicidcs  acting  in  the  region  of^the  OCFo  oorplex  in  FSXX 
give  rise  to  charges  of  the  PC  ITR  signals. 
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ELECTROSTATIC  INTERACTIONS  IS  FHOTOSYNTHETIC  ELECTRO.N 
TRANSPORT  SYSTEMS 

T.  Takabc.  Dept,  of  Chca,,  Fac.  of  Sci. &Tcch.,  Meijo  I'nfv,, 
Ti^npaku-ku,  .Nagoya,  Japan 

Chcalcally  nodlfled  spinach  plasiocyanln,  in  which  nega¬ 
tively  charged  carboxyl  residues  are  replaced  with  positive¬ 
ly  charged  amino  residues,  has  been  prepared  to  study  the 
roles  of  overall  and  local  charges  on  the  electron  transfer 
reactions  of  plastocyanin  with  photooxidized  P700  (P700  ) 
and  with  reduced  cytochrose  The  rate  of  electron  trans¬ 
fer  froa  reduced  cytoehroac  X  oxidized  singly  substituted 
plastocyanin  was  only  30  X  of  tlie  native  unaodified  one,  and 
the  reaction  decreased  further  with  increasing  the  nuaber  of 
Dodified  carboxyl  residues.  These  results  indicate  the 
inportance  of  electrostatic  interactions  between  the  nega¬ 
tive  charges  on  plastocyanin  and  the  positive  charges  on 
cytoehroac  X  I*'  reaction.  Since  the  overall  charges 
of  cytoehroac  X  ate  negaflvc  at  neutral  pH,  the  positive 
charges  on  cytochionc  X  Involved  in  the  reaction  should  be 
localized  ones.  On  the  other  hand,  the  rates  of  electron 
transfer  froa  reduced  singly  and  doubly  substituted  plasto¬ 
cyanin  to  P700*  in  the  highly  purified  P700-chlorophyll  a 
protein  coaplex  were  alaost  similar  to  the  case  of  native 
plastocyanin,  wh.ch  suggests  that  these  carboxyl  residue^ 
have  a  only  oinof  role  for  the  electron  transfer  to  P700  . 
Tho  nodlflcation  of  three  and  four  carboxyl  residues  dras- 
tlcaU>  changed  the  divalent  cation  dependency  in  this  reac- 
t^n.  These  rcfults  suggest  the  presence  of  different  reac- 
doaaln,  at  least  partially,  on  the  plastocyanin 
Icactloi  with  P700^  and  with  cytochrooe  X* 
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ELECTRON  TRANSPORT  IN  PHOTOSYSTEM  II  PARTICLES  - 
RELATION  TO  POLYPEPTIDES  REMOVED  BY  SALT  TREAT¬ 
MENTS 

L.-E.  Andr^asson,  L.-G.  Franzdn,  0.  Hansson  and 
T.  Vhnnqhrd,  Department  of  Blochcraistry  and  Bio¬ 
physics,  University  of  Gbteborg  and  Chalmers 
Institute  of  Technology,  Gdtebcrg,  Sweden. 

EPR  studies  of  the  effect  of  treating  inside- 
out  vesicles  from  thylakoids  with  NaCI  have  been 
carried  out  in  this  laboratory  (C.  Jansson  et  al., 
submitted) .  The  work  has  now  been  extended  to 
PS  II  Triton  particles  prepared  according  to  R.C. 
Ford  and  M.C.W.  Evans  (FEBS  Lett.  160  (1983) 
159-164).  Treatments  with  1  M  KgCl2  or  NaCl  in¬ 
hibit  oxygen  evolution  with  very  little  release  of 
Mn,  but  the  Mn  multiline  signal  no  longer  can  be 
produced.  MgCl2  removes  tht  18,  25  and  33  kDa 
polypeptides  and  Signal  IK  appears.  NaCl  removes 
only  the  18  and  25  kDa  polypeptides  and  no  in¬ 
crease  in  Signal  11,  is  observed.  Thus,  the  two 
lighter  polypeptides  arc  not  directly  involved  in 
electron  transfer  to  Z,  but  in  their  absence  only 
partial  advancement  through  the  S-statc  cycle  can 
occur.  The  33  kDa  polypeptioe,  on  the  other  hand, 
nay  be  required  for  rapid  electron  transfer  to  2. 
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SPECTRAL  AJIO  KINETIC  RESOLUTION  OF  QTQs  -  Q.Qg  ELECTROH 
TRANSFER  IN  PK0T0SYST2*  11 

O.H.  Schatz  ind  H.J.  van  Oorkoa,  D^rJirtacnt  of  Blophyoicf* 
Laoorator. ,  University  of  Leiden,  The  Netherlands. 

Electron  transfi^r  fror.  the  eriaar/  (0;^)  to  the  secondary 
-^uinone  acceptor  of  photosysten  II  (PS  11)  was  studied 
in  PS  II  rarticles  isolated  frc«  a  cyanobacteriun  Synecho- 
C0CCU5  sn.  "easurenents  of  flash-induced  chlorophyll  fluor- 
(-  ctnce  ield  and  atsorkance  chw.cc  in  the  preocnce  of  0.6  M 
Trio  and  O.L  r.*-*  K2Fe(CN)^  p.tve  the  following  results 

Atout  8c  J5  of  uj  formed  after  a  flash  is  oxidised  with  a 
half  tine  of  akojt  t  ns.  The  remaining  20  J  of  show  a 
lcr.,’er  deca.  time  (several  lOO  ns)  which  is  dependent  on 
"ciC*l)g"  concentration  with  a  seconl  order  rate  of  k  o 
(st  pH  6.3,  ?0  °C}.  In  the  presence  of 
‘CTJ  reoxilation  of  all  OT  13  much  v'ower  (half  time  akout 
^  S(.  It  li.  concluded  that  in  the  absence  of  PCKv  the  fas* 
rhase  '1  rs^  is  du*  to  the  reaction  *  Q;^Q8»  the  slow 
rhare  reflects  the  oxidation  of  the  e<iuilibriun 

constant  K  «  f eiuals 

rinetic'-  of  ao'orkance  changes  wore  aitalyzed  in  the  uitra- 
■  Kle»  ar.-J  /isillo  ear*  ef  the  sp/ctru-m.  tkie  difference 
CTec»r-r  asscciate-i  with  th^  fast  phao*  consists  mainly 
I'.ni  ‘•fiif*  a*  >5  ana  CS‘'i  nn.  It  is  explained  as 
i  r- ar  f  Icctroihrcmic  blue  ,hift  of  the  pheophy*  in 
_i  ^  .i^ctron  transfer  fr-'-.  qT  to  Qj, 

.f*-  a-'cojr.t  for  -ost  f<a*ures  in  tk»  /I'-iblc  regir>T) 
'  T,'.  1ir*«r>r'''  .T'-z-trur.  anl  ar«  rach  raUcr  (or 

’•  *  liff*rfre.  or  ctrur. 
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Am  ISOLATED  TjffLAKCIDS  CAIdiOT  E£  STABILIZED  ? 

L.  Nedbal.  I,  Selllk,  J*  Kasojldek,  £.  SetlikcvA 
institute  of  ^Microbiology,  Czech.  Acad.  Sci., 
Tfebon,  Czechoslovakia. 

The  activity  of  isolated  thylakoids  (parti¬ 
cularly  of  the  photosystea  2)  declines  ouch  lis¬ 
ter  if  they  perforo  photochealcal  work  then  if 
they  are  stored  in  the  dark  (Hao,  Hall  in  Photo¬ 
synthesis  in  Relation  to  :Model  Systeos  (J.  Barber, 
ed.),  pp.  ^99-329,  Elsevier  (1979)).  Recently  we 
have  pointed  out  that  photosystea  2  electron 
transport  in  photosynthetizing  cells  cay  also  be- 
coae  gradually  inhibited  if  proteosynthesis  on 
70s  ribosoaes  is  blocked.  This  fenoaenen  is  coaaon 
to  all  organisos  with  oxygenic  photosynthesis,  its 
rate  is  irradiance  dependent  and  it  foras  also  the 
basis  of  photoinhibition.  The  prixary  cause  of  the 
inhibition  is  the  degradation  of  the  .^-protein 
followed  by  the  destruction  of  tne  PS2  core.  .Ve 
show,  now,  by  oeasureaents  of  electron  transport, 
fluorescence  and  by  PAAGS  of  chlorophyll-protein 
cooplexes,  that  this  is  also  the  sain  destruction 
process  which  inevitably  accoapanies  the  j^orjc  of 
isolated  thylakoids.  their  PS2  activity  cannot  be 
stabilized  o;/  icaobilization  or  c’h.ei  aeans  since* 
they  lack  the  rvsvnthesis  of  polypeptides  de/roded 
in  proportion  to  the  rate  of  phoiocheoistry. 
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POTENTIAL  AND  ELECTRIC  CAPACITANCE  IN  CHROXATOPHORES 
)F  RHOpOPSETjDOMOKAS_SPHAEROIDES^ 

k.CAsadt<^.G.Ver>turoli  and  B . A .Helandri  ,  Zns t . Of  Bota 
iy  University  of  Bologna .Bologna , Italy . 

In  phospholipid( PL) -enriched  chronatophores, the 
Electric  capacitance  of  the  neabranc  was  evaluated 
roo  the  ratio  of  the  nenbrane  potentiaKoeasured 
fron  the  electrochrointc  carotenoid  band  shift  elici 
tcO  in  the  presence  of  antinycin  by  single  turnover 
flash)  to  the  correspondent  a'aount  of  oxidized  reac 
tjion  center(RC)  .The  obtained  values, nornalized  per 
*«g  protein, increased  at  increasing  PL-ennehnent  an 
correlated  linearly  with  the  PL  to  protein  ROlar  ra 
tlos  of  the  closed  vesicles  obtained  upon  freezing 
and  thawing  of  chronatophores  with  presonicated  li¬ 
posome  i  and  characterized  by  a  low  conductivity  to 
lons.Caratenoid  signals ,  induced  in  the  da.'k  by  im¬ 
posing  diffusion  potentials  of  known  extent  with  K- 
valinoaycin  puises.were  unaffected  by  PL-enrichtaent 
at  constant  RC  content  icrgy  transfer  efficiency 
fron  the  carotenoids  to  core  light  harvesting  con- 
plexes(BB76)  was  also  unaffected  even  in  the  presen 
cc  of  a  large  P*.  excess .Overz  1 1 ,  these  results  sug¬ 
gest  that  the  RC  complexes  are  dispersed  in  the  bi- 


layer  upon  fusion  and  that  the  carotenoids  sense  a 
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fLUORESewee  MECHANISMS  IN  CHLOftOPlASTS  ON  SUB-NANOSECOND 
TIKE  SCALES  PROBED  BY  PICOSECOND  PULSE  PAIRS.  A.  Oobek, 

J.  Oeprtz,  N.E.  Geacintov,  G.  PalUotin  and  J.  Breton, 
Oepartenent  de  B^olog'ie,  Centre  d’ Etudes  Nucleaires  de  SaclAy 
91191  Gif  $u«‘  Yvette,  France 

Fluorescence  enhancement  phenomens  and  quenching  by  ex- 
clton-cxclton  annihilation  on  sub-nanosecond  tine  scales  were 
investigated  in  spinach  chloroplasts  utilizing  picosecond 
laser  pulse  pairs  (530  nn,30  ps  wide)  of  equal  intensity, 
spaced  apart  in  time  bv  variable  delays  of  ‘.t  '■  0  -  $  ns.  in 
the  case  of  open  PSII  reaction  centers  the  quenching  effect 
of  exciMns  generated  by  U»e  first  pulse  on  the  fluorescence 
yield  of  the  second  pulse  diminishes  with  increasing  ^t  with 
a  characteristic  decorrelation  tune  0^  140  ♦  60  ps.  This  ef¬ 
fect  is  attributed  to  either  the  decay  of  mobile  excitons  in 
the  light  harvesting  (UO  antenna  pig^nt  bed  as  these  exci¬ 
tons  migrate  towards  the  PSII  reaction  centers  and  the  associ 
ated  smaller  core  antenna  pigment  pools,  or  to  the  decay  of 
a  quenching  state  of  the  reaction  center  (and/or  core  antenna 
^hich  appears  following  a  rapid  (<  140  ps)  trapping  of  the 
excitons  initially  created  in  the  pigment  bed.  The  absence 
of  a  significant  decay  component  of  exciton  quenchers  with  a 
lifetime  comparable  to  the  300-600  ps  intertrediate  phase  of 
fluorescence  decay  kinetics  suggests  that  this  phase  is  not 
caused  by  freely  mobile  excitons  interacting  in  a  lake  of  pig 
nents,  but  originates  inste  d  from  smaller  pigment  pools  to 
which  the  excitons  have  migrated.  Consequently,  bimolccular 
exciton  annihilation  in  these  smaller  domains  dominatjs  over 
annihilation  In  the  larger  IH  antenna  pigment  bed. 
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CONiOK'^'ATlON  Ar.(l  (ORIENTATION  Oi  CHLOROfHYLL  PROTEINS  IN 
T1U  THYLAKOID  (IMUIAR  MCHROISX  AND  FOLARIZkD  IMRARED 
^JiCTRO-COPU  ^  Ot  IIMIT-HARVESTING  AND  PNOTOsYSTtH  I 
ILEXES. 

E.Jv >b«  dryV,  P  lu  ♦ ,  vS.  Djrr,  A.M.  lurdin  iiU  O.br<»torj 

'-c*'  Diophv  I'J'J*.  (IM/'icUy.  C.if  <\ur  Yvett.-.  France. 

Th‘  jtru.tur*  atiJ  <jri*'nt«»kio.i  of  tNe  ftain  protein 

ern  titu'Trt  c.f  photo >y«thf t*c  '^embrunf*.  from  green 

th‘  -ElorophyU  Cvmplox  (LHC)  and  the  Fhoto- 
yot*-  I  cf  'pi.x  (PSI'  hw**  t»*fn  inveotligjtf d  by  UV  circu- 
1  »r  dirhr"  '  (>!•/  und  poUriiZ»'d  infrared  (IR)  op<‘ctro'>- 
('ij.i.',.  TK«  .<  o-',j.l.x«o  have  bt'tn  r^ccrk'^titutfd  into  phos¬ 

phatidyl  hour.  v'".icieo  by  a  f r* ezo-thoiw  technique  and 
th.y  hw<  t.<-0  co'.par.*^  to  th»  in»ict  thylokoid  membrane. 
T>  r'i»ivr  ori«n*»tiyn  of  the  pigments  in  »h<  reconstl- 
•it<d  co-ipi.x.  vt.  (hirictf rized  by  ponitonn,:  the  fluo- 
r«  c.  nr,  ,■rl^  ton,  the  vioibie  CD  <*nd  line.»r  dichroi'^nj 
•prctri.  Conform Ktional  dinqlysio  ol  JliC  and  fst  indicate^ 
♦  hit  44<  (id  LHC)  *nd  (in  ISI)  ol  the  prot**in  is'X  - 
heiic.il.  bv  1,‘jritig  the  IR  dichroiom  of  the  imio*.  banJw 
ol  Mr-dri«d  ori,>.*,'d  "Multilayers,  of  native  and  reconsti- 
tut<  i  Pi.'mtrrfK  we  hav*  es  tim^ited  the  degree  of  orienta¬ 
tion  of  th*  '“-h*  Ucil  chain;,  with  respect  to  the  me»brane 
plin. .  Ik  dichroi-r,  data  deraor.str  »te  that  transmeabrone 
„-h.  Her  ,r*  pr.  .ent  in  both  UC  and  PSl  with  the  a -he¬ 
lix  »x,  ,  ,t  ies,  than  30»  ir.  UlC  and  35*  in  PSI, 

*i*h  r.vp-ot  to  ♦h.'  rv-mbrane  norwal.  These  results  are 
onsi  ,t*n»  with  a  tr  v.  >bilay#>r  organization  of  chloro- 
.hyll-proVin  cwr^plexes  u.  the  thyiakoid  meabrane. 
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STUDY  OF  PHOTOSYSTEM  I  REACTIONS  AT  LOW  TEKPERATUR2. 

P.  S6tif,  P.  Hathis  and  T.  Vanngard 

Service  Biophysique,  CEN/Saciay,  Gif  sur  Yvette.  France. 

Electron  transport  has  been  studied  at  10-30K  nn  digx- 
tonxn  PSI  particles,  by  flash  absorption  and  EPR  spectros¬ 
copies.  In  axldly  reducing  conditions,  an  irreversible 
charge  separation  between  P'700  and  iron*sulfur  center  A  is 
progressively  induced  at  lOK  by  successive  laser  flashes 
up  to  a  caxisua  which  corresponds  to  about  two  thirds  of 
the  reaction  centers.  Heterogeneity  of  the  rate  of  center 
A  reduction  is  shown.  Zn  the  other  third  of  reaction 
centers,  a  reversible  charge  separation  occurs  and  relaxes 
with  a  t/$  e  120  us.  When  the  centers  A  and  B  are 
prereduced,  the  120  .ys  relaxation  becoees  the  dominant 
process  (70-80X  of  t* e  reaction  centers)  and  a  slow  relaxa¬ 
tion  (t/i  o  50-400  Bs),  corresponding  to  the  recoabxnation 
between  P700*  and  center  x”  occurs  in  only  10-15X  of  the 
reaction  centers.  The  part.’ier  of  P700  in  the  120  ys 
recoobinatxon  is  proposed  to  be  the  acceptor  A."  as  defi¬ 
ned  by  Bonnerjea  d.  and  Evans,  K.C.V.  (  (19d3)^P£BS  Lett. 
148,  313-316  ) .  Our  data  also  suggest  that  center  X  is 
■lot  on  the  electron  flow  froa  P700  to  centers  A  or  B.The 
existence  of  different  relaxation  phases  in  both  redox 
conditions  is  shown  to  result  froa  an  heterogeneity  in  the 
processes  of  electron  transfer  to  the  secondary  acceptors 
of  PS  I.  This  heterogeneity  is  probably  due  to  the  trap¬ 
ping  of  different  conforaatlonal  states  during  freezing 
byt  aay  be  also  related  to  different  physiologies*  roles. 
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ELGCTRCXieNIC  RCACHONS  OF  THE  CHUOROPLAST 
CYTOCHROMC  COMPLEX  IN  CHLOROPLASTS 
R.W.  Jones,  M.A."Sclak  and  i.  WhUmafsh,  Oeparlnient  of  Plant 
biology,  University  of  Illinois,  Urbana,  Illinois,  U.S.A. 

We  have  attempted  to  determine  the  charge  transfer  reactions 
in  the  cytoch.-omc  complex  that  give  rise  to  the  slow 
electrogcftic  step  by"  spectroscopic  measurements  of  tt»e 
clectrochromic  shift  at  nm  and  cytochrome  and  ^  redox 
changes.  In  these  studies  ouroquinol  was  used  to  ^support 
photosystem  I  driven  electron  transport  using  single^turnovcr  light 
flashes.  Our  data  indicate  that  the  slow  elcctrogcnic  reaction  is 
due  to  guincl  oxidation  by  the  cytochrome  complex.  To 
investigate  this  problem  we  studied  the  effect  of 
2-n'nonyl*hydroxyquinoline  N«oxide  (NQNO)  and  2-n-heplyl-6- 
hydroxyquinoiinc  N<oxidc  (HQNO),  both  of  which  inhibit  the 
oxidation  of  cyt^hrome  on  the  slow  phase  of  t(>e 

eleclrochfonriic  change.  The  extent  and  kinetics  of  the 
electrcchroniic  change  were  compared  to  a  simple  kinetic  model. 
The  data  were  fitted  best  by^  assuming  that  the  slow  electrogenic 
step  arises  from  two  consecutive  rcactionsj  (I)  electron  transfer 
from  one  cytochrome  b^  to  the  other,  and  (2)  a  reaction  coupled 
to  the  oxidation  of  the  cytochrome  b^  closest  to  the  outer 
aqueous  phase.  In  this  model  we  cnvisionTlQNO  (or  HQNO)  having 
two  inhibitory  effects  while  binding  at  the  quinonc  reductase  site 
on  the  cytochrome  complex.  First,  it  blocks  the  oxidation  of 
the  cytochrome  b^  rnoicculc  closest  to  the  outer  aqueous  phase, 
and  second,  it  slows  electron  transfer  from  the  inner  cytochrome 
b^  to  the  outer  one. 
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EFFECT  OF  HERBICIDES  ON  ELECTRON  TRANSFER  BETWEEN  RLASTO- 
OUlhONE  MOLECULES  IH  PS  II.  STUDY  BY  FLASH  a  A  IH  THE  UV. 
J.Farineau  and  P.  >Xathis. 

Service  de  Biophysiquc,  CEN/Saclay,  Gif  sur  Yvette.  France. 

Herbicides  are  kno-wn  to  block  electron  transfer  at 
the  level  of  2  plastoquinone  oolecules,  0,  and  bound 
to  PS  II  reaction  center.  This  effect  has  been  investi¬ 
gated  by  flash  absorption  spectroscopy  around  320  ns>  (oa- 
xinal  absorption  of  the  anion  Po";  in  spinach  chloroplasts 
incubate  with  NH.OH  and  valinooycine-K*.  We  used  sequen¬ 
ces  of  short  flashes;  the  oaterial  was  in  a  flowing  systeo 
at  10*C.In  untreated  dark-adapted  naterial  without  inhibi¬ 
tor.  a  perlod-2  pattern  of  oscillations  is  clearly  seen 
(with  positive  stable  ^  after  flashes  1,3,5  and  negative 
after  flashes  2«4)which  daaps  in  about  6-8  flashes.  The 
amplitude  of  the  ^A  was  larger  when  chloroplasts  were 
incubated  with  fcrricyanide  before  rw,0H  addition.  Tnese 
changes  reflect  fomation  a.nd  disappeai'ance  on  successive 
flashes  of  PO  (as  Og  ),  the  level  of  Og  (ox)  being  oaxiaial 
in  chloroplasts  incubated  with  an  strong  oxidant  (Mathis 
and  Have^an,  BBA,  1977,  4^,  167-181). In  the  presence  of 
eatuniting  aipunts  of  herbicides,  all  the  4A  are  suppres¬ 
sed  except  a  bleaching  at  320  na.With  a  siaall  amount  of 
herbicide  a  period-2  pattern  was  evidenced  (negative  sta¬ 
ble  aA  after  flashes,  1,3,5  and  positive  after  flashes 
2,4).  It  IS  well  observed  with  herbicide  having  a  low  I 
for  PS  U  activity,  specially  phenolic  (DNOC,  oinosel? 
after  a  prei. lumination.  It  seems  that  about  50X  of  the 
♦enters  are  blocked  before  the  train  of  flashes  in  state 
0^  ,  the  other  being  in  the  state  O^Og" 
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2.,iRaY  t?jlv«:r  .n  o? ;  a:;tica(  i,  i  /?  s* 
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Znen-an  .•ei.  Znao-xi  r'a.'ig,  Jl-iia-t;  3ao,  EeparLcent  of  Bio- 
10j,y,  Fekln^  U.niverslty,  BeLjln«„  Cnlna 

Ine  a.>ao.ption,  «-ie»ion  excitation  spectra  of  Ana- 
uae.'.a  azotica  suspensions  xere  ceas^red.  The  eaission  spec¬ 
tra  xere  seas-red  at  uo  different  teaperatiresi  lw-i8*C  an; 

xitn  difierer.t  excitation  li^nt  <r.ose  xaveienotns 
aorei  <50nA,  oI^a,  an-*  o^Ons,  le  eoitpareu  tnose  fi>.ore$cen* 
ce  spectra  of  ai^ai  suspension  xnicn  were  treated  by  the 
folloxin,>  aetnodsi  (l)iieatinc.  at  for  3,  4i  3,  12,  l> 
23  alns.,  (2)addin«  hydroxyaaine  «hose  final  concentration 
in  aical  suspensions  wevei  2,  ^  and  (»addln<$  DTlll  to 
take  tnsir  final  concentrations  in  suspensions  reac>.  0*04, 
O.Od*  0*i2,  0.1^  and  0, 20>*t>!, (4)addln^  C-phenanthroline  of 
«ntcn  final  concentrations  in  ci^al  suspensiens  were  i  3*10, 
Ip,  20,  23,*X,  (3)ajllftg  divalent  cations  i  i:g**and  2n*‘. 

All  tnese  trrataents  effected  on  the  relative  intensity 
ratio  of  aaxiaa  of  fluorescence  spectra.  Tnese  a&xisa  weret 
1^044.  Po^,  P^3*  P6?3,  P728  at  and  Po^5.  P-585, 

.=‘720-/23  at  i5-l8*C. 

Oui  data  showed  the  route  of  energy  transfer  froa  pnyco> 
cyanin  to  chloropnyll  a  of  pnotosystca  11.  Fe  disc-seed 
the  possJbi.?  relation  between  pigsente  and  protein. 
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EFFECT  OF  MOLECULAR  ORIENTATION  OK  THE  RATE  OF  EXCITATION 

ENERGY  TRAPPING  IN  THE  PHOTOSYNTHETIC  UNIT 

S.G,  Fetisova,  Moscow  State  University,  Moscow,  USSR 

Operation  efficiency  of  a  planar  model  photosynthetic  unit 
(PSU)  is  evaluated  by  computer  calculations  of  the  tice  of 
excitation  energy  trapping  by  reaction  centers  (RC).  It  is 
shown  that  (0  the  oean  value  of  the  orientational  foctor  for 
randooly  oriented  transition  aoeent  vectors  (u),  lying  in 
the  sane  plane,  k*®5A*  (2)  for  partially  ordered  PSUs  (with 
any  lattice),  in  which  theli  vectors  lie  in  the  PW  plane 
but  are  rundoaly  oriented  in  the  plane,  the  rate  of  energy 
trapping  by  RC  is  doubled  as  compared  to  that  for  the  vec¬ 
tors  randomly  oriented  in  thrce-dimcnsjonal  snacej  (3)  in  op 
tiaal  PSd  with  the  square  lattice  all  IT  vectors  are  parallel 
to  the  long  axes  of  elementary  PSUs  (which  fora  macroscopic 
muiticentral  PCVs  through  the  translational  symmetry)}  in 
PSUs  considered  such  optimal  orientation  of  these  collinear 
vectors  accelerates  the  energy  trapping  by  RC  at  most  3-fold 
(as  ccopared  to  that  for  three-dimensional  random  orientati¬ 
on  of  th**  vectors,  i.e.  for  Jc^»2/3);  (^>  operation  efficiency 
of  PSUs  with  the  triangular  (or  hexagonal)  lattice  is  the 
same  for  the  optimal  orientation  of  collinear  w  vectors  and 
for  two-dimensional  random  orientation  of  the  vectors  in  xhe 
PSU  plane;  (5)  operation  efficiency  of  PCU  with  any  lattice 
is  tolerant  to  heat  motion  of  ooleculas  both  in  the  case 
of  the  optimal  orientation  of  collinear  iT  vectors  of  P£U  mo¬ 
lecules  and  in  the  case  of  tvo-diacnsionaX  random  orientati¬ 
on  of  the  vectors  in  the  PCU  plane. 
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ISOLATION  OF  A  CALCIUM  BINDING  PROTEIN  FROM  AH  OXYGEN- 
EVOLVING  PHOTOSYSTEM  2  PREPARATION 
R.H.  Sparrow  and  R.R,  England,  Biology  Division,  Preston 
P<  ytechnic,  Preston,  Lancashire,  Great  Britain. 

A  heat  stable  protein  has  been  isolated  from  hlghly- 
active  oxygen  evolving  Photosysteo  Z  particles,  isolated 
from  lettuce  chloroplasts.  This  protein  was  found  to  bind 
to  fluphenaTine-Sepha'’Ose  in  the  presence  of  calciira  and 
can  be  eluted  by  substitution  of  ralcium  with  ECTA.  The 
purified  protein  has  an  estimated  molecular  weight  of 
13-16  kOa  and  is  able  no  stimulate,  calmodulin  depleted 
3*;5*-cyclic  nucleytidc  phosphodiesterase.  This  calcium- 
binding  protein  was  shown  not  to  be  similar  to  proteins 
removed  from  Photosystw  2  particles,  by  Tris-washing. 
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USnrERSAI.  PAHERH  OP  SYSTEMIC  RESPONSE  OP  HIOHSR 
EUCARYOT  CELLS  TO  TIE  EPFECTS  OP  PHYSICAL  AND 
CHEMICAL  PACTORS.I.H.Todoroy.M.K.PulotOYa  and  N.M. 
Smanuel, Institute  of  Chmical  Physlcs,USSR  Acad. 
Sci. tMoscowyUSSR. 

It  has  been  found  that  systemic  response  of  11* 
ver  cells  to  the  effects  of  various  chemical  and 
physical  factors  having  different  nature  is  of 
universal  pattern.  These  factors  are  radiation, 
phazaacological  blockade  of  translation, introduc¬ 
tion  of  adaptogenes, antioxidants  and  canccrogenes. 
The  following  processes  are  observed  as  a  respon¬ 
se  to  the  disturbances  in  bioenergetics,synthesis 
of  macromolecules,detoxication  system, structure  oi 
cell  organella  and  changes  in  the  redox  parameters 
of  electron  transfer  ayatcaa(ETS); 1. activation  of 
additional  ways  of  energy  supply, including  oxida¬ 
tion  of  fatty  acids  and  lipids  by  oxigenoses;2.ac* 
tivation  of  protein  synthesis  by  mobilizing  and 
increasing  the  components  of  the  protein-synthesi¬ 
zing  apparatua(ribosones,niRNP  and  tRNA)whlch  re¬ 
sults  in  3*additionel  synthesis  of  the  ensynes  of 
energy  supply(oxigenase,ETS  carriers) .ensymes  of 
protection  and  metabolism  of  biopolymer  synthesis 
preeursors.4.The  above  processes  bring  about 
growth  of  the  cell  mass, which  automatically  swi- 
thes  on  the  EKA  replication  system  to  raise  the 
"gene  dose"  per  increased  cell  volume* 


ION  PSHliSABIUTY  IN  BIEAVER  LIPID  MaiBRANES; 

THE  SIGNIFICANCE  OF  THE  PHASE  TRANSITIONS, 

INDUCED  BY  TE2APBRATURS,  pH  A2ID  CA'^'*’  CHAlJGSS. 
y,P.Antonov.  E. V.Shevchenko,  A.A.Nolnar. 
B*T,Koszoalnilov,  S.A. Vosnesenskij,  E# Yu. Smirnova, 
A.N.Wassarsan,  Yu. V.I/orozov,  I.’^.Sechenov  First 
Moscow  medical  institute,  B.Pirogovskaia  Street, 
2-6,  G-435,  119^36,  USSR,  Moscow. 

Until  now  there  have  been  no  reports  of 
single-ion  channels  in  unmodified  lipid  membranes 
We  have  studied  the  electrical  conductance  of 
planar  lipid  bilayer  membranes  made  of  synthetic 
dipalmitoylphosphotidic  acid  in  voltage  clamp 
conditions.  Conductance  fluctuations  of  amplitude 
ranged  from  20  pSa  to  10  nSm  and  duration  about 
1  s  have  been  discovered  at  the  phase  transitions 
induced  by  temperature,  pH  and  Ca*^^  changes.  The 
obtained  data  show  that  the  appearance  of  ionic 
channels  may  be  the  result  of  lipid  unbilayer 
defect  interactions.  This  would  explain  the  dra¬ 
matic  increase  in  ion  permeability  observed  in 
liposomes  during  phase  transitions(l).  He  suggest 
that  these  channels  could  conduct  the  membrane 
ionic  current  in  biological  membranes  during 
nerve  excitation,  thermo-  and  chemoreception  and 
H-AT?ase  and  Ca*^*-ATPaso  activities. 

1.  V^F.Antonov  et  al, I960, NATURE, v.283,p.5S5. 


CALCULATION  OF  THE  VIBRATION  MOOES  ARISING  FROM  PHOSPHATE- 
BACKBONE  IN  3  AND  2  FORMS  OF  ONA. 

H.  Ghooi,  J.A.  Taboury  and  E.  Tai  Handier,  Laboratoire  de 
SpeetTos^opie  Bioooldculaire,  University  Paris  XIII,  74,  rue 
Marcel  Cachin,  93012  Bobiony  Cedex,  France. 

Using  the  Wilson  GF-cethod  th$  frequencies  of  the  vibra¬ 
tion  modes  of  phosphate-backbone  in  6  and  2  forms  of 
poly(dG.dC).poly{dG-<lC)*have  been  calculated.  These  calcula¬ 
tions  are  based  on  a  simplified  valence  force  field  which 
is  supposed  to  be  independent  of  the  used  conformations.  It 
takes  account  of  the  interatomic  interactions  sugars  and 
phosphate  in  ONA  chains.  In  order  to  respect  the  harmonic 
approximation  of  potential  field 'a  set  of  nop.-redundan|  inter 
nal  coordinates  has  been  used.  For  this,  a  standart  B.tfmatrii 
product  diagonalitation  procedure  has  been  adopted  following 
the  local  sytnetry  of  the  different  constituents  o^  ONA 
chains.  Our  dynamic  model  is  formed  by  two  dsoxyriuose  mole¬ 
cules  surrounding  a  phosphate  group.  T«  calculate  the  G 
matrix  the  geometry  of  GpC  and  CpG  sequences  of  wrinkled  6 
fora  or  that  of  2  forms  of  poly(dG-dC),poly(dG-dC)  ha  been 
taken  into  consideratio/v.  The  calculated  frequencies  are  in 
good  agreement  with  the  peak  pc  itions  of  the  infrared. and 
Ranrtn  spectra  corresponding  to  tne  phosphodiester  chain  of  the 
8  and  Z  forms  of  the  poly(dG-dC),poly(dG-dC)  observed  between 
1400  and  600 


ON  THE  MECHANISM  OF  METABOLISM  PHOTOREGULATION  IN 
'HIE  BOTH  HUMAN  AND  ANIMAL  CELLS 

V.N.2alf«kiv  and  N.V.Lisenkov,  Department  of  Laser  and  Antitumor 
EffeeU,  R.E.KaveUky  Institute  for  Oncology  Problem*.  Acad.  Sci.  of 
Ukrainian  S.S.B.,  Kiev,  USSS. 

Hie  light  has  its  activitory  or  Inhibitory  effects  on  the  Iivmg  orga. 
nism's  chemical  reactions  over  all  the  range  of  wa\tlengths.  A  decrease  in 
the  number  of  photoacceptors  mulu  in  a  wavelength  icrease.  thus,  the 
UV.radution  is  absorbed  by  many  of  the  bioactive  molecules  and  impor* 
tant  biopolymers,  while  the  blue^reen  and  red  light  is  absorbed  by  a  less 
number  of  compounds.  In  an  animal  eel],  paiticularty  In  neuron,  there  is  a 
sufficient  number  of  the  photoacceptors  which  alter  their  electron  states 
upon  absorbing  number  of  photons.  This  effect  was  shown  with  a  use  of 
the  both  spectral  (electron  spin  resonance  and  atomic  absorption)  and 
entymatic  techniques  In  complex  protelds  containing  chromophore groups 
and  metals  of  varying  valency  as  well  as  in  more  simple  bioactive  molecu* 
les  (porphyrins,  carotenoids,  etc.).  In  the  clinic  expcrimenti  on  laser  acu. 
puncture  ht  intractable  cancer  pain,  the  laser  biostimulation  was  shown 
to  promote  more  active  transformation  of  photon  energy  to  nervf  impulse 
energy.  It  appears  that  the  ligiit  is  able  to  contrt^  the  different  metabolic 
processes  in  the  human  and  animal  body  through  the  specific  photo* 
acceptor  molecules. 


STRUCTURAL  AND  FUNCTIONAL  CHANGES  IN  SYNAFTIC 
ItElIBRANES  AFTER  TREATUENT  WITH  DIFFERENT 
FHCSFH0LI1‘AS3S 

Kozlov  Yu,P*  .oellshcbova  A*A.  ,BruAOVUtlK  V«I,, 
Erin  A.X*  iFrillpko  L.L*, Kogan  V*E« 

Moscow  State  Univorsity,  Uo8COw,U,S,S*H* 

Tlie  rolo  of  phospholipids  and  products  of 
their  netobollsa  In  tranosgabrono  transfer  of  a 
signal  was  studied, using  Ca  o. trons lort  into 
synaptosoaos.  Transport  of  Ca**''  «?sa  recorded  by 
^Ca  sccuaulation  in  synaptosoaoDj  the  trans- 
tsoabrano  potential  was  Qoasurod  by 

fluoroscoaco  of  dis-C}(5).  Changes  in  jhosoholl- 
pid  onvironaont  wore  induced  by  txreatacnt  with 
>hospholipa80o*  Under  effects  of  phospholiiaccs 


Qulation  in  synaptosoaos  wdkich  nay  be  due  to 
olovated  intraaoobrano  content  ofo^hosphatidic 
acid, an  affoctlve  lonophore  of  .The  oxpori- 
aontal  data  suggest  that  the  inhibition  of 
potential-dependent  Ca-channels  induced  by 
changes  in  tne  phospholipid  bilayer  say  be  coa- 
-lensated  for  by  the’  appearance  of  phospholipid 
aotabolisa  productSptnat  are  actively  involved  ii 
the  foruation  of  Ca‘^'*‘perBoabillty  channels* 


TCRMOTROhlC  DEKAVZOUR  Or  blPOLAR  LiRZbS  Or  THER.HOPHZLIC 
ARCtlAE  BACTERIA 

(*.reoli*fA.Cltczcl,0.ri$aAl,H.[X'  Fesa  and  A.Gasbacorta 
'Dipartleento  dl  ri5tca,Vla  Dodecanec^o  >^3,|GM6,Cenova,  Italy 

The  plasae  eedbrane  of  Sulfolobui*  Sulfatartcud.an  extreee 
thctiso  acidophilic  atchaH'actO'rlua,  characteriaed  b>  unu^u 
al  bipolar  lipids.  Arranv^cd  in  a  sln^lv  Bon*^la>er  they  ace  ba 
sed  on  twe  C^Q  -  *  bl(hytanU  re*tldue>,  with  up  to  four  cj- 

clopentane  rlriQS  per  chain,  linked  to  either  two  9l>ceruls 
(sysasatrlc  lipid)  or  to  one  glycerol  and  to  one  brondred-cha 
in  nonltoL  lipid). 

Ir.  this  worx  VO  present  a  co#parattve  calorieetrlc  study  of 
tho  svvaw’rlc  and  asvTSBetrlc  lipid  at  various  degrees  of  hy¬ 
dration.  The  thertotroplc  crcpertles  of  the  a^yteaetne  lipid 
are  very  cceplex  one,  showing  two  tran'^itlons  in  the  dry  eta 
te  and  at  least  *vo  in  the  h^drited  one.  The  low  enchalpie* 
aisplayed  by'  taos*  of  these  transitions,  sight  indicate  lipid 
polyeorphlse  associated  with  tevperature-depenefent  hydrogen 
bonds  between  the  ncnitol  polar  heads,  water  content  is  shown 
to  play  a  fundasental  role  in  detemtning  the  Kind  and  the 
teaperature  of  the  transitions.  The  sysactric  lipid  exhibits 
a  such  slBpler  behaviour,  beeing  arranged  in  a  lasellar  struc 
ture  with  a  single  Belting  transition. 
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A  COMPARATIVE  STUDY  ON  TIE  STRUCTURE  &  FUNCTIONS 
OP  SOME  S^TiPATHOMlMETIC  &  ALLIED  DRUG  MOLECULES 
N«  N.  Saha,  Saha  Institute  of  Nuclear  Physics, 
y2,  A.  Road,  Calcutta,  India. 

Structures  of  a  number  of  drug  molecules  of 
various  types  were  determined  by  us  for  structure* 
function  correlation.  This  paper  gives  a  compara¬ 
tive  picture  of  our  findings  on  10  sympathomimetic 
amines, U}TyraDinc, (2)p-hydroxyephedrinc, (3)  Nor¬ 
ephedrine,  (4)L-phenylcphrine,  (5)DL-N-cthylnorphe- 
nylephrine, (6}Phcnylpropanolamlne, (7)Naphazolinc, 
(8)  DL-netanophrinc, (9)3-4  dimethoxyphenethylamine 
and  (lO)DL-normetanephrine.  All  these  molecules 
have  in  common  an  ethylaminc  sidechain  connected 
to  a  benzene  ring.  Holcculcs(l)-(7)  have  marked 
sympathomimetic  properties,  the  first  six  of  which 
have  the  preferred  conformation  required  for  a 
molecule  to  have  s>iapathomlmetic  activity, i.e.  a 
maximally  extended  ethylamine  sidechain  normal  to 
the  benzene  ring,  whereas  (7)Naphazollne, which  is 
as  active  a  drug  as  adrenaline,  has  coformation 
unfavourable  for  sympathomimetic  activity, the  side 
chain  being  rigid  and  folded. The  last  three  molc- 
cules(8),(9)  MIO)  do  not  have  anv  sympathomimetic 
property.As  expected,  molcculcs(8)&(9)  do  not  have 
the  preferred  conformation  required  for  drug  acti¬ 
vity,  whereas  molccule(lO)  has  favourable  conform¬ 
ation  but  no  drug  activity.  It  thus  indicates  that 
conformation  is  not  the  sufficient  condition  for 
drug  activity. _ 
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SPECTRAL  ANALYSIS  OF  THE  ERYTHROCYTE  FLICKERING:  A  SENSI¬ 
TIVE  METHOD  TO  MEASURE  KEK3RANE  ELASTICITY  AND  TO  DETECT 
SUBTILE  CHANGES  IN  MEMBRANE  STRUCTURES. 

£.  SdcKmann,  K.  Mirthensohn  end  K.  Fncke,  Physik  Depart¬ 
ment,  Tecfinical  Univertity  ttJnchen,  Fkmchen  FRG. 

The  overd«p€d  surface  undulations  of  erythrocyte  plasaa 
Qesflbranes  are  deteimined  by  the  bendinq  elasticity  and  the 
curvature  elastic  constants  can  be  obtained  from  the  flick¬ 
ering  frequency  spectrua.  8y  measuring  the  spectra  of  in¬ 
dividual  cells  in  a  flow  chaffber  by  a  direct  microscopic  m 
nethod  subtile  changes  in  the  bending  elasticity  caused 
by  (1)  thermally  induced  conformational  changes,  (2)  by 
cholesterol  depletion  or  <4)  by  the  action  of  drugs  are 
observed.  Moreover,  the  flicker  spectrum  analysis  pro¬ 
vides  information  about  alterations  in  the  membrane 
elasticity  caused  by  diseases  such  as  diabetes. 

In  parallel  experiments  we  try  to  correlate  the  changes 
of  membrane  elasticity  to  variations  in  the  lateral  or¬ 
ganization  of  the  membrane  proteins. 
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AHCIOTEMSIN-HEOIATEO  CALCIUM  EFFLUX  FROM  ADRENAL 
CLOHERULOSA  CELLS,  R.  Foster.  A.  Rojas  and  E.T. 
Harusic,  Faculty  of'TTedTcTne ,  University  of  Chile, 
CasIHa  157'D,  Santiago,  Chile. 

Isolated  bovine  adrenal  glonerulosa  cells  pla 
ced  in  a  flow  through  system  exhibit  an  Increase 
in  calclun  efflux  when  exposed  to  angiotensin  II 
(All).  Calclun  In  the  perlfusate  was  neasured  with 
a  Radiometer  F2I12  Ca-seleetive  electrode  coupled 
to  the  cell  perffused  systen.  1  nin  exposure  to  10 
nH  All  produced  an  Increase  of  66.7'^lA.d  nnoleCa/ 
ng  protein  (sd,  n"8)  f ron  cells  perTfused  with  ae_ 
diun  199(1.3  nH  Ca).  Cells  perlfused  for  itS  min  ~ 
with  calclun  free  nedlun  suplenentcd  with  50  uH 
EGTA  and  challenged  with  10  nH  All  for  1  nln  pro_ 
duced  55t  of  the  calclun  efflux  seen  when  perlfus_ 
ed  with  nedlun  199(1.3  nH  Ca) .  By  perfusing  the 
cells  with  nedlun  199(1.3  nH  Ca)  containing  20  uH 
dantrolene  we  observed  that  the  ang lotens In- Indu 
ced  calclun  efflux  was  Inhibited  in  more  than  90« 
(9.3^0. 8  nnole  Ca/ng  protein,  sd,  n"8).  Replacing 
the  dantrolene  by  nornal  calclun  containing  nedlun 
and  desatured  the  cells  fron  the  Inhibitor  for  20 
nln,  the  response  was  not  only  restored  but  enhan_^ 
ced  by  35t  to  the  one  observed  before  pcrlfuslng 
with  dantrolene.  Ve  suggest  that  the  endoplasnic 
retlculun  of  this  cells  show  (1)  a  high  capacity 
of  calclun  accunulatlon  and  (2)  a  possible  partly 
cipatlon  during  hornone  activatidn 
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DETERMINATION  OP  (1)  ELECTRON  DENSITY  PROFILE 
AND  (2)  FORCES  BETWEEN  HIGHER  PLANT  THYLAKOIDS 
BY  MEANS  OF  SMALL-AHOLB  X-RAY  SCATTERING 
K.  Diederichs,  W.  Wolte,  W.  Kreutz;  Inetltut  ftir 
Blophy3ik,~Univer3itat  Freiburg,  Albertatrasoe  23 
D-7800  Freiburg  i,  Brog.,  FRG 
The  electron  density  profile  (EDP)  of  spinach 
chloroplast  grana  thylakoids  was  evaluated  by 
means  of  a  least  squares  procedure  taking  into 
account  statistical  distortions  of  the  membrane 
stacking  period.  Phase  determination  was  per¬ 
formed  with  the  help  of  swelling  experiments.  For 
this  purpose  a  new  dehydration  device  was  used 
which  made  it  possible  to  control  (1)  the  amount 
of  cations  in  contact  with  the  sample  and  (2)  the 
osmotic  pressure  exerted  by  a  sucrose  solution  of 
known  concentration  which  was  in  osmotic  equi¬ 
librium  with  the  sample  via  a  senipemoable  mem¬ 
brane.  The  measured  curves  of  bragg  period  versus 
osmotic  pressure  at  two  different  concentrations 
of  the  cations  together  with  the  determined  BDPs 
showed  (1)  the  cytoplasmic  side  of  the  thylakoid 
EDP  (partition  region)  remains  constant  whereas 
the  luminal  part  swells  when  the  osmotic  pressure 
is  lowered  and  (2)  the  amount  of  swelling  can  bo 
explained  in  terms  of  a  long-range  electrostatic 
repulsive  force  between  the  luminal  sides  of  the 
thylakoid  bilayors. 
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ZERO  POINT  OSCILLATIONS  AND  BIORITHMICS 
U.Kopvillea,Quantuii  oceanology  lab.Rsdlo  8t«7 
Vladivostok  690032, USSR 

TTo  consider  the  possibility  of  the  appearing  of 
biorithas  by  the  Influence  of  elactroaagnetlc  and 
elastic  zero  point  aotions.The  general  Idea  atapa 
froa  the  feet  that  the  potential  energy  aay  trant 
fora  into  kinetic  energy  of  motion  or  energy  of 
coherent  radiation  by  aeana  of  zero  point  rluctu- 
atlons  and  that  this  process  is  a  spontaneous 
transforfc.atlon.The  potential  energy  say  be  accu- 
aulatad  step  by  step  froa  tha  energy  of  sunlight 
and  chealcal  eneroy .Oapending  froa  the  structure 
and  coapoaition  of  tha  ayataa  the  aponteneoua 
transforaation  will  ba  launched  rithaically  with 
a  constant  period  that  aay  be  calculated  precise¬ 
ly  froa  quantua  theory  of  photon  and  phonon  ava¬ 
lanches. Bloch  and  Dick!  atatea  will  appear  spon¬ 
taneously  .The  first  state  is  not  connected  with 
aacroscopic  space  aotion  of  the  ayataa  or  Inalda 
the  systoa  but  acta  aa  a  gonarator  of  charactaris 
tic  signals  and  coherent  atlaulatad  chealcal  re¬ 
actions  .Bloch  states  also  generate  aeaory  effects 
in  the  aatter.Oicki  atatea  on  the  contrary  give 
aacroscopic  notions .Elactroaagnetlc  and  alaatic 
solitons  in  biological  systaas  are  generated  by 
zero  point  aotions.The  experlaantal  dotactlon  of 
solitons  in  biological  systeaa  would  be  tha  con- 
firaation  of  our  aasuaption.We  discuss  several 
aodels  of  involved  biological  syalflAS.* 
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CONFORMATIONAL  CHANGES  OF  POLY(dG-dC).POLY((JG-dC)  -  CIS 
Pt  (NH3)?  Cl?  STUDIED  BY  IR  AND  CO  SPECTROSCOPY. 

L.  Fort,  8.  HervE,  O.A.  Taboury,  J.  Liquler,  T.  Theophanldes 
Tdlliandier,  Ldl.^5rdloire  de  Spectroscopfe  BioooUcuUlre, 
University  de  Paris  XIII,  74,  rue  Marcel  Cschin,  93012 
Bobigny  Cedex,  France. 

Complexes  between  poly(dG-dC).poly(dG-dC)  and  cis-Pt 
(NH3)2  Cl?  have  been  investigated  by  IR  spectroscopy  and 
circular  dichroiso.  For  a  high  cis-plattnio/nucleotide 
ratio  (r  e  o.l2)  corresponding  to  1  cis-platinum  molecule 
per  4  guenine  bases  the  left-handed  fora  of  the  polynucleo¬ 
tide  is  not  detected  by  IR  spectroscopy.  The  spectrum  is 
consistent  neither  with  a  B  nor  a  Z  geometry,  but  reflects 
a  distorted  conforoatton.  The  use  of  specifically  deutera- 
ted  poly(dG-dC).poly(dG-dC)  on  the  C8  of  guanines  shows 
that  the  cis-putinum  binds  directly  on  the  N7  site  of 
these  bases.  The  binding  of  the  cis-platlnun  on  the  bases 
is  also  evidenced  by  the  displacement  of  a  double  bond  in 
plane  stretching  vibration  on  the  bases  observed  at 
1600  cm'l  In  the  complex.  However  CO  measurements  reveal 
an  extrec&ely  weak  signal  of  Z  fora  when  compared  with  the 
usually  observed  CO  spectrum  of  poly(dG-dC).poly(dG-dC)  in 
the  same  experimental  conditions.  For  lower  cis-platinua 
contents  (r  •  0.06  ;  r  •  0.03)  the  IR  spectra  of  the 
poly(dG-dC).poly(dG-dC)-cis  Pt  complexes  reflect  the  exis¬ 
tence  of  right  (6)  or  left  (Z)  conformations  depending  on 
the  hydration  of  the  complexes.  The  CO  spectra  reveal  that 
these  cis  Pt  complexes  partly  adopt  a  Z  conforot\tion 
ditions  in  which  free  polymer  is  in  a  B  geometry.  The  G-C  ba¬ 
ses  between  two  adjacent  cis-Pt  perturbated  sites  may  adopt 
the  Z  fora  more  easily  than  in'the  case  of  the  free  polymer. 
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I'sroi  $  wnso  u'hiimn  rivoRtscesTPROnts 

\-  \t\.  M.DEIL'A'HCO.  P.WAlLrt. 

of  chonn^lrv  ,  I  nivorsilo  do  Porprgnan.  Avcnuodo  Vtllcnouvo. 

rUil’KJNV'J  I«Ah(,T, 

W-ofatorv  o(  K'j^.ri’iacc’jiicjl  pit\MO,  tl  H  do  Piurmtoio.  it  tiouiovard  Joan 

IinNCL. 


Iho  flBoro<oonco  omUston  light  of  various  9  amlno-fcCfidinie  cationic  donvaitvost  A  > 
vk4S>}voftchod  without  anv  rpccirum  stdfi  in  tho  prosonce  of  tr  chyfnotr^p<n(«t-  Ct) 
Moreover  ttinsquonchiiij  pfichojntnotn  bocamo  saturated  at  high  (t-CT  concentro 
\  It  was  rcvcfMhtf  and  was  suppressed  bv  addition  of  hydfocinnanie  acid,  a  com* 
petitjvcinhitnioeof  the  li  ‘CTenzyniatie activity. 

^ .  it  lias  oeen  deduced  that  A  compourvds  loeated  fn  the  protein  active  sit* .  for- 
nung  fl'joreseent  eo  npWes  of  wlach  the  apparent  association  constants  (  nKa  )  were 
ceieuiated.  lt>e«e  results  n'tde  obvious  that  the  less  the  A  compound  was  soluble  < 
the  more  vjvK  »t  was  interaetccg  with  «»'  CT. 

So,  tia?  oueriupi  yields  and  fluorescent  Iifetirues  of  A  compounds  in  non  aqueous  sol- 
\ai.ls  with  differeni  polarity  a'-d  of  A  •  <t  CT  complexes  were  studied . 
the  V  jiues  obtsi'icd  for  complexes  were  close  to  th  <  measured  for  A  tetrahydrofu- 
fon  solutiot^. ,  indiccting  some  hydrophobic  «nd  rather  apolar  charaeter  of  <»  - 
eniyniatic  Mte . 
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1S0U7T0X  AKD  ISESTlPlCiTIOH  0?  PUVCHOID  QLTC03IDES 
FP.OX  SALVIA  TRILOBA  BLASTS 

T*  Ghalif  S«Ga^rt  H«Salah>  and  A.  i%Q-2^a 
Bioehos.Oapi.PACtiltr  of  A^iottliturOfOalro  UnlToraltyy 
Oisa,  S07PT 

Bioch«M.  Dept.  Paeolt/  of  A^iooltoroiZa^asie 
KTPT. 

S4J.Tia  trilolia  gnm  la  the  Borptiaa  desert  aa  &  wild 
Plaat.Tbe  ethanollo  eztroot  of  the  pleat  waa  aahjeoted 
to  fraotlooatioa  os  poljraaldo  eoltusa  asil  the  different 
frtkotloaa  were  detected  Igr  U«V«  ll^t«Saoh  fraction  vaa 
purified  %j  chroaato^aphio  teoliniquey  and  the  pore 
product  wae  subjected  to  different  aaal^aea  in  order 
to  identify  its  atrueture* 

Ultrariolet  and  oaoe  epeoiroaetry  techniques  were  used 
to  identify  the  atructure  of  the  isolated  eospounds* 
Des^hylationraoid  or  ensyaatio  hydrolysis  and  alkali 
treataent  were  also  uaed  in  soae  oases* 

Fourteen  flarcnoid  glycosides  were  identified  fro«  the 
aerial  part  of  SalTla  triloba  plant  • 
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R(  SENSITIVE  LIPOSOMES.  ACID  INDUCED  FUSiaS  AND  IMPROVED 
CYTOPLASMIC  DELIVERY.  Leaf  Huang,  Dept,  of  Biochen.*  Unlv. 
of  Tcnn.,  Knoxville,  TN  37996*0840. 

Sonicated  unllaaellar  vesicles  (SIT.')  consisting  of  dlo« 
Icoyl  phosphatidylcthanolaaine  (PE)  and  palaitcyl  hoaocys* 
teinc  (PHC)  in  an  (8:2)  nolar  ratio  rapidly  fuse,  at  a  pH 
lower  than  6.5,  with  vesicles  of  various  lipid  coaposition. 
Fusion  was  aonitored  by  a)  nixing  of  lipids  as  shown  by  res¬ 
onance  energy  transfer,  b)  gel  filtration  and  c)  electron 
aicroscopy.  The  presence  of  phosphatidylcthanolaalns  greatly 
enhanced  fjslon,  while  the  presence  of  phosphatidylcholine, 
cholesterol  and  gangliosides  inhibited  fusion.  HIC  could  be 
replaced  by  a  long  chain  fatty  acid  such  es  oleic  or  palait- 
ic  acid.  Ihc  addition  of  O.SaM  Ca**  syncrglstically  In¬ 
creased  the  fusion,  whereas  the  addition  of  O.SaM  Mg**  had 
no  effect.  Fatty  acid  derlvatized  aonoclonal  anti-H2K^  was 
incorporated  into  reverse-phase  evaporation  vesicles  (REV) 
consisting  of  the  fusion  cowpetent  PE-PHC  (8:2)  lipids  by  a 
■odified  aethod  of  Shen  ct  al.  (BBA  669(1982),  31-37).  FkAise 
L929  cells  (k  haplotype)  Incubated  with  these  iaaunoliposoacs 
containing  calceln,  revealed  diffused  fluorescence  throughout 
the  cell  Indicating  a  release  of  the  dye  into  the  cytoplasa. 
In  contrast,  cells  incubated  with  {^i  insensitive  laaunolipo- 
soaes  displayed  only  punctate  fluorescence.  In  control  ex- 
periaents,  aouse  A31  cells  (d  haplotype)  were  incubated  with 
iBBunoliposoae  and  no  fluorescence  was  observed.  These  re¬ 
sults  indicate  that  the  icounoliposoaes  are  specifically  and 
effectively  endocytosed  by  the  target  cells  and  the  pH  sensi¬ 
tive  iMunollposoaes  are  efficient  in  delivering  their  con¬ 
tents  into  the  cytoplasa  of  target  cellsj  possibly  by  fusing 
ifith  JRtjendqioae  aeabranes  at  low  oil. 
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KBUTRCM  SCATTBRIHG  STUDIES  OF  WATER  Itl  MACROXOLECULAR 
SYSTE-XS 

C.r.  Hazlowood,  D.B.  Holdom,  H.E.  Rorschach,  R.M.  Mlcklow, 
Baylor  Colleqe  of  Kcdicinc,  Houston,  Texas. 

The  n<cro9Copic  structure  And  dynamics  of  water  in  the 
presence  of  nacrecsolecules  in  wator-polycer  sixtures  and 
living  systems  are  not  vell-uridorstood.  .Much  work  has  been 
done  using  various  experimental  techniques  to  stud/  the 
properties  of  water  in  these  heterogeneous  systems,  yet 
there  is  no  generally  accepted  model  which  describes  the 
interaction  of  water  with  aacrcnoiccules.  Quasielastic 
neutron  scattering  (QSS)  is  a  relatively  new  technique  that 
is  capable  of  a  spatial  resolution  of  1-10  S  and  a  frequency 
resolution  of  10^  to  10^^  sec”^  which  cover  the  ranges  of 
interest  for  diffusive  water  motion.  The  large  incoherent 
scatterin j  cross  section  of  hydrogen  relative  to  other 
biologically  abundant  nuclei  also  makes  this  technique 
especially  suitable  for  the  study  of  water  dynamics.  Our 
results  for  water  diffusion  in  agarose  and  polyox  gels  and 
An  hydrated  cysts  of  brine  shrimp  (Artcmia  salina)  were  in¬ 
terpreted  by  using  a  ^ump  -diffusion  model  for  translational 
water  motion  and  a  simple  Brownian  rotational  model  and 
show  that  the  translational  and  rotational  diffusion  co¬ 
efficients  arc  reduced  from  the  values  for  pure  water, 
especially  in  the  least  hydrated  systems.  We  show  that 
these  measured  values  are  consistent  with  diffusion  co¬ 
efficients  and  T^  relaxation  times  measured  by  KMR  methods. 

Funding  for  this  research  was  provided  by  the  Robert  A. 
Welch  Foundation  and  the  Office  of  Kaval  Research. 
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ACTIVITY  COEFFICIENTS  OF  SALfS  IN  PROTEIN  SOLUTIONS  AND  PHOS¬ 
PHOLIPID  SUSPENSIONS 

M.D.  Rebolras.  P.  Ocon  and  C.  Accrete,  Oepartamento  de  Electro 
qulQica,  Umversldad  Autonoaa  de  Hadrid,  Madrid.  Spain. 

The  knowledge  of  the  chenlcal  potentials  of  the  coisponents 
of  biological  solutions  Is  of  central  ioportance  for  the  uider 
standing  and  the  interpretation  of  the  life  processes  taking  ' 
place  both  In-and  out-side  de  celular  iteebrane.  The  EMF  seUiod 
using  ion-exchange  pecabiane  electrodes  is  a  suitable  procedure 
for  measuring  the  interactions  between  single  salts  and  the 
rest  of  the  cooponents  present  in  the  solutions.  High  accuracy 
is  necessary  for  detecting  the  soall  influences  of  the  protein 
or  phospholipid  cosROnent  on  the  activity  of  the  salt.  The 
error  in  EMF  being  ♦  0,2  nV,  the  relative  error  in  the  active 
ty  at  E'O  was  +  0,5?.  We  report  the  deteroination  of  the  oean 
activity  coeffTcients  of  XK  salts  (being  X»F',  CL",  Dr",  I", 
NOj,  SCN")  in  concentrated  protein  (BSA)  solutions  and  CKCa, 
HgCI^  in  nixed  ouHilanellar  phospholipid  vesicles.  For  ail 
the  salts  studied,  the  mean  activity  coefficients  decreases 
with  increasing  protein  concentration,  being  the  variation 
quantitatively  different  for  each  salt  due  to  specific  bin¬ 
ding  of  the  anions  on  the  protein  molecule.  SBes(f'<  interac¬ 
tions  have  been  shown  between  the  Ca‘  and  Hg‘  ions  and  the 
mixed  oulttlairellar  vesicles  depending  strongly  on  the  dipal- 
mitoylphosphatidylcholine  (OPFCl-phosphatidyltnositol  (PI) 
ratio. 
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Diffr^ctomctry  .tnd  c.iloriDe(ry  »cudy  of  structural  modifica¬ 
tions  induced  by  ^  -ray  irradiation  on  phosphatidylcholine 
BuUilancllar  liposomes. 

C.Albertini”*,  F..Fai\olli^,  L. Guidon!^,  F.lanrini^,  P.Hariani**, 
F.Rustichelli^,  V.Viti'^. 

^Istituto  di  Fisica  Medica,  FacoUA  dt  Mcdicina,  University  di 
Ancona  (Italy). 

^ipartimento  di  Scienzc  Chtmiche,  Universita  di^Camerino 
(Italy). 

Laboratorio  di  Fisica,  Istituto  Superiore  di  Sanity,  Roma, 
(Italy) 

'^Scz.Fisica.Dipartinento  Scienze  dci  Hateriali  e  della  terra, 
Facolta  di  Inyegnerii,  University  dl  Ancona  (Italv). 

The  behavior  of  synthetic  lecithins,  7S7  veighi  water, 
has  been  examined  in  temperature  ranyes  including  the  ^ipi*! 
phase  transitions  for  irradiation  doses  between  1.6*10  and 
77.8*10^  Cy,  Modifications  .n  differential  calorimetry  scan 
were  observed  even  at  Che  lowest  irradiation  doses.  At  the  high 
cat  doses  similar  modifications  have  been  previously  observed 
(1>.  The  X-ray  diffraction  pattern,  too,  exhibits  appreciable 
modifications  al  the  lowest  irradiation  doses.  Among  the  dif¬ 
ferent  obtained  structural  changes  a  general  increase  of  the 
ne*dinensional  laioeUar  lattice  periodicity  was  observed  as  a 
function  of  the  irradiation  dose. 

(I)  F.lanzini,  L.Cutdoni,  F.L.Indovina,  V.Vtti,  G.Erriu,6.0n- 
ois.  P*R.v»daccio.  Rad.Bes,  Sd*  )54-I66  U^SR), 
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ROTATIONAL  AND  TRANSLATIONAL  SHIMMING  OF  HUMAN  SPERMATOZOA 
P.Thyberg  S  R.RSgler»  DepartEont  of  Medical  Biophysics* 
KaroiinsRa  Institute*  Stcc^hola*  SWCDEK 

Rotational  and  translational  swicain^  notion  of  huaan 
speraatozoa  have  been  evaluated  froa  autocorrelated 
intensity  fluctuations  of  scattered  laser  light.  It  can  be 
shown  that  Maxwellian  speed  distributions  for  both 
longitudinal  and  rotational  notions  can  be  used  to  describe 
in  a  consistent  taanncr  the  wave  vector  dependence  of  the 
neasured  autocorrelation  function.  When  the  scattering  is 
detected  at  zero  degree  (using  cit'ossed  polarizers)  the 
autocorrelation  function  is  solely  due  to  rotational  notion 
whore  at  angles  it  is  dooinated  by  the  longitudinal 
notions. 

For  human  spematozoa  rotational  frequency  of  about 
14Hz  was  found  which  can  be  ascribed  to  be  the  rotation  of 
the  spera  head  (1)  whereas  for  the  longitudinal  notion  an 
average  speed  of  *<0  un/s  was  obtained. 

Frost  conparison  of  the  translational  with  the  rotational 
switating  speed  a  propelling  efficiency  of  about  10  yo/turn 
is  deduced.  This  paraneter  describes  the  linkage  between 
the  rotational  and  translational  suiooing  notion  and  is 
likely  to  be  discriainatcr>  in  the  analysis  of  physiological 
spem  notions. 

(1)  Rigler,R.4Thyberg,P.  (198**).  Rotational  and 

translational  swicssing  of  hunan  spematozoa:  A  dynaaic 
laser  light  scattering  study.  Cytoaetry  S,  1-6. 
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THE  EFFECT  OF  CALCIUM  ANTA(»NISTS  OH  THE  INOTROPIC 
EFFECT  OF  SOME  CAROIOSTIKl/LATIVt  SUBSTANCES  ON  THE 
ISOLATED  RAT  RIOIT  VENTRICLE  OF  HEART  O.R.KatejevId,  H.R. 
Pavlovfd*  V.A.VuJkovld  and  O.E.NestoroVf^.TnVt'ftVCe  Of 
Physiology, Faculty  of  Medicine,  Beograd,  Yugoslavia. 

Bearing  in  aind  the  known  role  of  calcima  ions  in 
contractility,  the  ain  of  our  work  was  to  investigate  the 
relationship  between  the  positive  inotropic  effect  of  db- 
CA.MP,  isoprenaline,  ouabain  and  calciuQ  Ions,  Experieents 
were  carried  out  on  the  Isolated  rat  right  ventricle  of  hea¬ 
rt,  electrically  stioulated, under  the  condition  of  blockade 
of  calciua  channels  (verapaail),  binding  of  calciun  ions 
(di-Na-EOTA)  and  excess  of  calcitn.Ve  have  found  that  chan¬ 
ge  in  the  concentration  of  free  extracellular  calciuo,as 
well  as  their  transaeabrane  transporttStrongly  codified  the 
aeplitude  of  contractions  of  the  Investigated  cardiostiou- 
lative  substances.  Considening  that  the  blockade  of  calcl- 
uta  channels  by  verapaail  insignlflcatly  reduce  the  inotro¬ 
pic  effect  of  ouabain  in  our  experieents,  we  nay  suggest 
that  in  soae  way  ouabain  facilitates  the  ent’‘y  of  calciua 
into  oyofibrils.On  the  basis  of  our  results  it  can  be  con¬ 
cluded  that  for  the  inotropic  effects  of  exaained  cardiostf 
Bulative  substances, an  optioal  concentration  of  extracellu 
lar  calciuo.as  well  as  their  unobstructed  Influx  through 
the  plasna  ne&branejare  necessary. 
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PIEZOELECTRIC  PROPERTIES  OF  HYDRATED  FIBROUS 
PROTEINS  M.  Maeda.  Research  Institute  for 
’  Polymers  and  Textiles,  1-1-4  Yatabc-Higashl, 

TsuKuba,  Ibaraki  Pref.  30S,  JAPAN 

The  purpose  of  the  present  study  Is  to  Inves¬ 
tigate  the  hydration  and  teroperature  dependence  of 
the  piezoelectric  properties  of  fibrous  proteins 
in  the  solid  state,  such  as  collagen,  keratin  «ind 
silk  fibroin.  we  measured  the  piezoelectric 
constants  of  those  fibrous  proteins  at  -iSO-^lBO^C, 
relative  humldxty  Or^TStpand  lOHz.  Some  of  the 
results  are  as  follows:  1.  The  temperature  depen¬ 
dence  of  the  piezoelectric  constant  of  dry  collagen 
Is  similar  to  that  of  dry  silk  fibroin.  Kith  in¬ 
creasing  temperature,  they  gradually  increase  up  tc 
lOO^C  and  afterwards  exhibit  somewhat  larger  in¬ 
crease,  while  that  of  dry  keratin  exhibits  no 
temperature  dependence  up  to  lOO^C  and  afterwards 
decreases,  2.  At  low  temperature  with  Increasing 
I  hydration  level,  the  piezoelectric  constant  of 

i  collagen  increases  below  8%  moisture  content  and 

j  docroaces  above  that  content,  while  these  behavior 

t  is  quite  different  from  that  of  keratin.  3.  Above 

-SO^^C,  the  adsorbed  water  steeply  reduces  the 
I  piezoelectric  constants  of  collagen  and  keratin. 

{  4.  Each  of  those  proteinrhavc  hydration  dependent 

1  piezoelectric  loss  peaks  at  around  -100  and  -50*C. 

I  Wq  will  report  a  possible  molecular  mechanism 

I  of  the  above  mentioned  piezoelectric  behavior. 
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RESPONSE  OF  THE  RIGHT  VENTRICLE  IN  GUINEA-PIGS  OF 
DIFFERENT  AGE  UNDER  THE  STIM.ULATION  OF  ALPHA  AND 
BETA  ADRENOCEPTORS,  H.R.Pavlovld,  D.R.Matejevii.  J.M.Voj- 
vodid  and  J.E.NestoroVi‘d,TnVtTCute  of  Physiology, Faculty 
of  M.ed1cine,  Beograd,  Yugoslavia. 

The  aim  of  our  investigation  was  to  represent  the 
inotropic  effect  of  isoprenaline  and  phenylephrine  on  the  , 
right  ventricle  of  the  heart.  Experiments  were  carried  out 
in  vitro  on  adult  and  young  guinea-pigs  of  three,  six  and 
nine  weeks  of  age.  The  heart  was  retrioved  ienediately  after 
sacrification,the  right  ventricle  was  dissected  and  put  in 
boot  electrode.Electrode  was.than, placed  in  an  oxygenated 
bath  withTyrode’s  solution.  Stimulation  was  effected  with 
square  wave  of  1  Hz  frequency  and  intensity  twice  as  high 
as  that  of  the  threshold.  Contractions  were  trans&ited  via 
on  isometric  transducer  (7003)  into  a  microdynainometer 
(7050,  Ugo  Basile).  After  a  stabilization  period  of  30  mi¬ 
nutes, into  the  bath  were  added  isoprenaline  (3.6x10*7fflo1) 
and  phenylephrine  (1x10*6  mol).  Contractions  were  recorded 
continuously  for  the  next  10  minutes.  On  the  basis  of  our 
results  we  can  conclude^that  isoprenaline  caused  a  signifi 
cant  positive  inotropic  effect  both  in  the  adult  and  young 
animals,  while  phenylephrine  caused  a  slight  negative  ino¬ 
tropic  effect. 
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IONIZING  RADIATION  EFFECTS  ON  PHOSPHATIDYLCHOLINE  MULTILAYERS 
C.  Erriu,  M.  Ladu,  S.  Onnis,  J.H.  Tang  and  V.K.  Chang,  Inst^ 
tute  of  Medical  Physxes,  University  of  Cagliari.  Via  Della 
Pineta,  Cagliari,  Italy. 

By  differential  scanning  calorimetry  (DSC)  it  was  observed 
that  v^radiation  induce  modifications  in  phosphatidylcholine 
Bultilaycrs  in  presence  o£  water  excess.  Actually,  with  the 
increase  of  the  absorbed  dose,  the  peak  associated  with  the 
precransition  disappears  gradually,  while  the  peak  associated 
with  the  main  transition  becomes  wider  and  flatter.  Fluores¬ 
cence  anisotropy  and  NMR  studies,  confiiraing  the  results  of 
DSC,  gave  additional  informtion  on  jf-radiation  produced  dan 
age.  The  damage  consists  of  the  appearance  of  new  aolecular 
species  and  the  consequent  structural  Dodification  of  the  tsul 
tilayersi  r.ic  effects  of  high  LET  radiation  likeot  particles 
sees  quite  different*  Indeed,  at  room  temperature  the  structu 
ral  defects  induced  byocparticles  seem  to  be  raadoaly  distrib 
uted  within  the  lipid  oatrix;  while  above  the  euin  transition 
there  is  sose  tendency  to  cluster.  Moreover  with  the  increase 
of  the  absorbed  dose,  the  initial  teoperature  of  the  aain 
transition  decreases  while  a  tail  towards  higher  cesperature 
appears.  Such  broadening  of  lipid  oain  traosition  seeas  to  in 
dicate  the  presence  in  the  bilayers  of  other  coapooeots  dif¬ 
ferent  from  what  created  by  y-radiation. 
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MOLECULAR  MECHA.NISMS  FOR  THE  A-VTI-SICKLING  ACTIVITY  OF  ARO.MA- 
TIC  AMINO  ACIDS  A-ND  RELATED  COMPOUNDS:  A  PROTON  NUCLEAR  MAG¬ 
NETIC  RES0NA.SCE  INVESTIGATION.  Irina  M.  Russu.  Claudio  Dal- 
vU,  Allison  K.-L.  C.  Lin.  Chao-Plng  Yang,  and  Chien  Ho. 

Departaent  of  Biological  Sciences,  Carncglc-Hellon  Imlverslty, 
Pittsburgh.  PA  15213.  U.S.A.  ; 

Proton  NMR  spectroscopy  has  been  used  to  Investigate  the  | 

interaction  between  sickle  hemoglobin  (Hb  S  (^6Glw*Val)I  and 
several  antl-slckllng  conpounds  such  as  p-broaobenzyl  alcohol  ! 

and  arosiatic  amino  acids.  The  binding  of  these  coapounds  to  | 

Hb  S  and  hunan  normal  adult  heaoglobln  (Hb  A)  was  deteralncd  f 

by  ceasurlng  the  transferred  nuclear  Overhauser  effects  (NOE)  • 

and  the  longitudinal  relaxation  rates  (Ti*^)  of  their  proton  > 

resonances  in  tho  Hb  solutions.  aeasureaents  for  theC2  - 

protons  of  individual  surface  htstldyl  residues  of  Hb  and 
Intcraolccular  tnincated  driven  NOEs  were  used  to  detcralnc 
the  binding  sites  of  the  antl-sickling  coapounds  to  Hb  S  and  1 

Hb  A.  We  have  found  that  one  binding  site  on  Hb  S  for  all  i 

coapounds  investigated  is  at  or  near  the  mutation  site.  A  ’ 

second  binding  site  was  Identified  at  or  near  the  heae  pockett  1 

of  the  j  and  «  chains  and  Is  present  in  both  Hb  S  and  Hb  A.  1 

These  NMR  results  will  be  discussed  In  terns  of  two  nolecular  } 

sechanisas  for  the  antl-slckllng  activity:  (1)  the  allosteric  I 

nechantsB  in  which  alterations  In  the  local  conforaatlonfs) 
at  the  Intcrtsolccular  contact  slte(s)  occur  as  a  result  of 
binding  of  an  antl-slckllng  conpound  to  ocher  regions  on  tho 
Hb  S  ooleculck  and  (11)  the  coapetlclve  nechanlta  In  which 
the  binding  of  an  antl-slckllng  compound  blocks  one  or  more 
of  the  Intcraolccular  contact  sites  between  the  Hb  S  aole- 
cules  In  the'polyaer.  (Supported  by  a  research  grant  froa  the 
NIU  (UL-24525> 
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A  NEW  method  for  SELECTIVE  SEPARATION  OF  PINE 
PARTICLES  IN  GRAVITATIONAL  FIELD 
I.  Aoki  and  K.  Shirane*.  Department  of  Physiology 
and  *Biophysics  Laboratory,  Osaka  City  University 
Medical  School,  Abeno-ku,  Osaka,  Japan. 

New  methods  for  selective  separation  of  parti¬ 
culate  materials  in  gravitational  field,  we  have 
developed  a  rotating  tilted  open-column  with 
steady  flow  (RSF)  method  by  the  improvement  on 
that  of  a  rotating  tilted  liquid  column  (RTC). 
Velocity  of  particles  in  the  direction  of  the 
column  axis  (RSF  velocity)  depends  on  (1)  each 
sodimetatlon  velocity  (V*)  at  t®C,  (2)  each  pseud, 
circular  locus  specific  Co  its  property  and  (3) 
Poiscuille's  flow.  We  have  found  that  the  power 
index  (n')  in  RSF  method  is  larger  than  that  (n) 
in  RTC  one,  if  the  column  is  rotated  with  an  angu. 
lar  velocity u)  within  a  suitable  range  of  para¬ 
meter  A'^/V,.  ('.3^  A'^/V^  7),  where  A  is  a  radius 

of  the  colOon  (2<  n<  4).  It  is  expected 

that  the  index  n*  takes  the  maximum  value  at  0*0* 
(0  is  a  tilted  angle  of  the  column  to  the  horison- 
tal)  whenu)  is  fixed.  This  method  is  of  use  for 
selective  separation  of  fine  particles  about  lO^n 
such  as  biological  celles.  Wc  have  separated 
some  biological  particles  by  this  method. 
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CHIRAL  DISCRIMINATION  OF  THE  INERT  METAL  COMPLEXES  RU(Bm>^ 
AND  FE(BIPY) UPON  BINDING  TO  DNA. 

T^_H3rd  and  B.  Norden,  Dept,  of  Physical  ChcaUtry, 

ChalMrs  Univ.  of  Technology,  42t  96  CSteborg,  Sweden. 

2* 

The  inteMCClcns  between  the  metal  complexes  Ru(bipy)^  and 
Fc(bipy)^^  and  DNA  have  been  studied  by  linear  and  circular 
dichroisa.  Two  binding  modes  have  been  detected  and  charac¬ 
terized.  The  stronger  binding  gives  rise  to  a  Pfeiffer  shift 
in  the  diastcrcooeric  equilibria  leading  to  an  excess  of  one 
of  the  enantiocaers  which  can  be  directly  monitored  through 
circular  dichroisa.  In  this  way  the  taethoc  aay  be  used  for 
probing  the  helicity,  i.e«  discriainating  between  right* and 
left-handed  nucleic  acids.  Froa  flow  linear  dichroisa  of  two 
charge  transfer  bands  the  orientation  of  the  coaplexes  was 
determined.  The  angle  between  the  C^-axis  of  the  coaplex  and 
the  DNA  helix  axis  is  61*.  For  this  orientation  space¬ 
filling  models  show  a  good  fU  of  the  ^-enantiomer  in  the 
major  groove  of  the  right-handed  DNA  helix.  At  higher  bind¬ 
ing  densities  another  binding  of  lover  order,  probably  due 
Co  a  weak  electrostatic  association,  occurs.  Equilibriia 
analysis  was  carried  ou:  at  I  &M  and  10  oM  NaCl. 
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THE  EFFECT  OF  DNA  SYNTHESIS  INHIBITORS  ON  EXCISION  REPAIR  IN 
HUMAN  CEILS.  W.  L,  Carrier  and  J.  D.  Regan,  Biology  Division 
Oak  Ridge  .National  Laboratory*  Oak  Ridge,  Tennessee  37831. 

Chemical  ano  physical  agents  dacaage  DNA  resulting  in 
various  deleterious  effects  leading  to  cell  transformation 
and/or  death.  Studies  of  UV  light  damage  to  DNA  has  lead  to 
an  understanding  of  the  way  in  which  damage  is  repaired,  the 
steps  leading  to  DNA  repair  arc  incision  and  excision  of  the 
altered  basc(s),  DNA  resynthesis  and  ligation.  Wc  have  used 
agents  that  Inhibit  DNA  replication  to  better  understand  the 
biochemical  events  leading  to  repair.  Arabinofuranosyl 
cytosine  is  incorporated  into  repaired  DNA  preventing  strand 
rejoining.  The  number  of  DNA  single-strand  breaks  Is  indic¬ 
ative  of  excision  repilr.  However,  the  breaks  observed  is 
related  to  the  cell  growth  stage  which  may  implicate  endo¬ 
genous  DNA  precursor  pools.  The  ratio  of  dCMP  to  Ara-CNP 
Incorporated  into  the  repaired  region  aay  determine  whether 
complete  resynthesis  and  strand  rejolningoccurs.  Hydroxyurea 
(HU)  at  concentrations  greater  than  lOaM  have  a  pronounced 
effect  on  the  nicabcr  of  pyrimidine  dimers  excised  over  a  24 
hr  period  and  this  Inhibitor  is  more  effective  in  quiescent 
cells  than  In  log  phase  cells.  HU  is  believed  to  act  by 
limiting  precursor  pools  for  repair  synthesis.  The  inhibit¬ 
ors  are  useful  tools  In  the  attempt  to  interfere  with  spe¬ 
cific  DNA  repair  steps  and  thus  learn  more  about  the 
mechanism  of  DNA  excision  repair. 

Research  sponsored  by  the  U.S.  Department  of  Energy  under 
contract  DE-ACo5-840R2U00  with  the  Martin  Marietta  Energy 
Systems,  Inc. 
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FLOW  DICHROISM  STUDIES  OF  IKIERACTIONS  OF  FSORAIENAMISIS 
ttlTH  DMA 

B.Ygge^.  J.B. Hansen^,  P.E. Nielsen^,  O.Buchardt^and  B.NordIn! 
l:  Dept,  of  Physical  Chem. ,  Chalmers  Univ.  of  Technology, 
5-412  96,  Gothenburg,  Sweden*  2:  Chemical  Laboratory  Ij* 
the  H.C. grated  institute,  Univ*  of  Copenhagen,  UnWersitets* 
parken  5,  DK-2100  Copenhagen  0,  Denmark,  3:  Biochemical 
Institute  B,  the  Panua  Institute,  Univ.  of  Copenhagen, 
Blegdamsvej  3,  DK-220D  Copenhagen  N,  Denmark. 

Five  differently  substituted  aainopsoralenes  have  been 
studied  utilizing  flow  linear  dichroisa  and  equilibrium 
analysis.  Due  to  the  positively  charged  amino  groups  all  of 
these  substances  bind  strongly  to  DNA.  Their  orientation  as 
judged  froa  linear  dichroism  shows  that  bulky  substituents 
in  S  position  (on  the  "hydrophobic"  edge  of  the  psoralene 
moiety)  prevents  intercalation.  With  the  amino  substituents 
in  8  position,  the  psoralene  is  oriented  parallell  to  the 
plane  of  the  DNA  bases  as  expected  for  intercalation. 
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CIRCULAR  DICHROISH  FOR  PROBING  y-ORIENTATION  OF 
INTERCALATED  DNA-AODUCTS 

and  J.A.Schelloan^;  I:  Dept, of  Physical 
Cheo. ,  Chalmers  Univ.  of  Technology,  S’412  96,  Gothenburg, 
Sweden.  2:  Dept  of  Chea. ,  Univ.  of  Oregon,  Eugene,  Oregon 
97403,  USA. 

We  have  calculated  the  circular  dichroisa  induced  in  an 
intercalated  0NA*adduct  chroeophore  by  coupling  with  the 
n-n  transitions  of  surrounding  basepairs. 

The  effect  of  lateral  displacements  as  well  as  rotations 
in  the  basepalr  pocket  has  been  studied. 

The  statistical  Bonooeric  CO-foroula  of  Schipper,  NordSn 
and  TJemeld  is  essentially  confirmed,  i.e.  the  circular 
dichroisa  is  mainly  determined  by  the  Y*orientatich  of  the 
chrooophore. 
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EFFECT  OF  CHAIN  LENGTH  ON  THE  PAOCING  CH.\RACTERISTICS  OF 
LA.MEUAR  LIPID  ASSEMBLIES:  RAMAN  SPECTROSCOPIC  STUDY  OF  A 
SERIES  OF  n-ALKYLFHOSPHOCHOLINES. 

WlllUm  C.  Harris, G«rard  H.  deliaas^  and  Ira  W*  Lcvln^ 
^National  Institutes  of  Health,  Bethesda,  Md.  20203  and 
*'Rljk»unIver&Uclt  Utrecht,  Utrecht,  The  Netherlands 

The  chcnaotroplc  behavior  of  a  series  of  n-alkvlphospho- 
cholines  fully  hvdratcd  oultUasellar  dispersions  has  been 
examined  bv  vibrational  R.iaan  spectroscopy  in  both  the  C-H 
stretching  (2800-3100  co"^)  and  the  C-C  stretching  (1000- 
1200  cm'T)  mode  regions,  spectral  intervals  char.acterlstlc 
of  acyl  chain  lateral  interactions  and  intrachain  disorder, 
rcspectlvclv.  These  single  chain  svstems.  Including  both 
the  even-  and  oJd-meabered  chains  from  C(1Q)  to  C(20), 
exhibited  sharp  lamellar  to  micellar  tran.Ulons  froa  -1* 
to  38*C.  Additional  polymorphic  forms,  whose  transition 
temperatures  were  3  to  12*  below  the  more  stable  structures, 
were  Identified.  Raman  spectra  provide  clear  and  definitive 
spectral  patterns  enabling  the  subcell  packing  characteris¬ 
tics  of  each  pols-morph  to  be  characterized.  The  sharp 
order/disorder  transition  observed  for  the  lamellar  to  mlcel* 
lar  change  for  the  dispersions  is  interpreted  In  terms  of 
high  lipid  cooperatlvlty  resulting  froa  tight,  lateral  chain 
packing  arrangements  within  the  extended,  Interdlgltated 
bilayers. 

^On  sabbatical  leave  from  the  National  Science  Foundation, 
Washington,  D.C* 
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DEIOXinCATIO:!  OF  imUSTOXIN  (IsTX)  BV  lODINATION. 

L.O.D.  Heneine,  V.N.  Cardoso,  J.P.  Dani«l  and  I.F.  Heneine. 

D«pt.  Physiology  4  Biophysics.  Inscicutc  of  Biological  Sci  - 
enccs.  Federal  Uiiversicy  of  Minas  Gerais.  Bclo  Horizonte,  MC 
Brazil. 

Ihe  purified  toxin  of  TAXyai  iWiujtcUu^  venoauas  iodina- 
ced  with  1  to  4  atOQS  of  per  ooleculc  by  the  lODO-CEN 
siethod.  In  sosk  experioents  an  isotopic  dilution  with 
was  done  to  follow  incorporation.  The  iodlnated  toxin  was 
recovered  in  Sephadex  G*‘25  coluais.  Groups  of  6  sice  were 
injected  intraperitonealy  with  crescent  doses  of  the  lodxna- 
ted  toxin.  Controls  with  native  and  glycoluril  trusted  TsTX 
were  used.  The  is  3.4  t  0.6  pg  per  20  g  Dice.  The  pro* 
cedure  did  not  affect  the  toxicity  of  non^iodinated  TsTX.  The 
Dortality  rate  decreased  with  the  nudber  of  X  atoas  incorpo* 
rated,  and  in  the  four  substituted  toxin,  IsTX-^^^1.,  dosis 

4» 

up  to  SO  pg  per  sice  were  applied  weekly  without  lethal 
exits.  The  data  indicates  that  iodination  with  sore  than  3 
atoss  per  aolecule  detoxicates  tityustoxin.  losunogenic  pro* 
perties  are  now  being  studied. 

Supported  by  CNPq,  CPq-UFMG  and  FIKEP. 
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ROTATION  OF  THE  PROTEIN  LIPOPHILIN  WHEN  INCORPORATED  INTO 
MODEL  MDtBRANES  AS  STUDIED  BY  ELECTRON  SPIN  RESONANCE. 
A.l.Vistncs,  Inst. of  Physics,  Univ.  of  Oslo,  Oslo,  Norway, 
J.H. Boggs,  Hosp.for  Sick  Children,  Toronto,  Ontario,  Canada. 

Lipophilin,  isolated  fron  oyclin  eenbrancs,  was  spin 
labeled  and  incorporated  into  phospholipid  vesicles  aadc 
froa  dipalaitoyl*  and  diayristoyl'phosphatidyl-cholinc.  The 
conventional  electron  spin  resonance  (ESR)  spectrua  was 
coapositc,  indicating  a  slowly  tuabcling  spin  label  and  a 
saatl  fraction  oore  aobilc  spin  labels.  The  presence  of  the 
two  coaponents  iu  the  spectra  aakes  it  difficult  to  use 
standard  saturation  transfer  ESR  to  study  the  stow  aotion 
of  the  protein.  A  variety  of  the  so-caltcd  aagnetization' 
hysteresis  ESR  acthod  (Biophys.J.43(  983)  31)  was  developed 
to  handle  this  situation.  A  new  digital  phase  sensitive 
detector  and  now  methods  for  data  accumulation  and  processing 
were  also  introduced.  The  preliainary  data  indicates  a  very 
stow  rotational  aotion  of  the  nroteln  (rotational  corre* 
Ution  tiacs  in  the  10’^  see  range).  No  abrupt  changes  in 
the  rotation  is  observed  when  the  teaperature  is  varied 
through  the  pretransition  and  the  main  transition  for  the 
lipids.  This  sccas  to  contrast  lateral  diffusion  data  for 
similar  systems.  No  heavy  aggregation  of  the  protein  is  seen 
in  freeze  fraction  electron  micrographs. 
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RAMAN  AND  RESONANCE  RAMAN  INVESTIGATION  OF  THE  INTERACTION 
OF  CYtOaiROME  c  WITH  CARDIOLIPIN  AND  OTHER  MODEL  PHOSPHO¬ 
LIPID  BILAYER  SYSTEMS. 

J.  S.  Vincent  and  I,  H.  Levin,  Laboratory  of  Chcalcal 
Physics,  NIADDK,  National  Institutes  of  Health,  Bethesda, 

MD  20205. 

Cytochrosc  e  and  cardlolipin  arc  two  of  the  aany  coapo¬ 
nents  of  the  altochondrial  inner  aeabrane  which  may  be  iapli- 
cated  in  electron  transfer  reactions.  In  addition,  eyto- 
chroac  c  and  other  agents  (divalent  sctal  cations)  induce 
the  hexagonal  “n  phase  in  cardlolipin— a  phase  also  found 
in  lipid  extracts  froa  altochondria.  An  atteapt  is  made  to 
characterize  the  interaction  of  cyteehroae  £  with  phospho¬ 
lipid  systeas  and  its  induction  of  the  phase  of  cardio- 
llpin  bllayers  by  Raaan  and  resonance  Raaan  spectroscopy 
using  both  scanning  aonochroaetcr,  spcccrographic  and  diode 
array  detection  techniques.  Temperature  profiles,  using 
specific  Raaan  spectral  intensity  ratios  as  indices,  were 
detemlned  for  aultilaaellar  DPPC  dispersions  interacting 
with  fcrricytochroae  £  at  various  lipid  to  protein  ratios 
and  pH  values.  At  pH  4  depressions  in  Tg,  the  gel  to  liquid 
crystalline  phase  transition  teaperature,  were  dramatic 
(>20*C),  while  at  pi!  7,  the  lowering  of  Tg  was  dependent 
upon  the  protein  concentration.  Characteristic  Raaan  spec¬ 
tra  of  the  Hji  and  laaellar  bilayer  phases  were  observed 
for  cardlolipin  coaplexes  with  cytochrome  £  and  various 
metal  cations. 
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SIALIC  ACID  SPIN  LABELING  OF  SERUM  LIPOPROTEINS 
V.  NUthig-Loslo.G.Xnipping  and  G.JUrgens 
"Rudder  3o8kovi6'*  Institute, Z^reb, Yugoslavia  and 
Institute  for  Medical  Biochenistry, University  of 
Graz,  Austria 

We  describe  the  sethod  for  selective  spin  labe* 
ling  of  sialic  acid,  the  teroinal  carbohydrate 
noiety  of  serun  low  density  lipoproteins, isolated 
froa  porcine  and  huaon  plasaa. Lipoproteins  were 
oxidized  with  periodate  under  nild  conditions 
selective  for  the  sialic  acid  (L.vanLouten  and 
O.A8hwell(1971)J*Biol.Chea. 246, 1889) •The  resulting 
aldehydes  were  condensed  with  4-aaino2,2,6,6-totra 
sethylpiperidinooxyl  followed  by  reduction  with 
NaCNBIU(J.B»Feix  and  D»A.Butterfield(1980>F£BS  ]«tt 
115»18>>,The  degree  of  labeling  and  the  spectral 
lineshopes  varied  upon  the  reaction  conditions. 
Specificity  of  labeling  was  proved  by  enziaatic 
reaction  with  neuraainidose.Tho  conforaational 
properties  of  the  sialic  acid  spin  labeled  lipo¬ 
proteins  wore  studied  with  respect  to  various 
external  perturbonts  of  the  lipoprotein  structure 
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LIPIDS  WITH  BRANCHED  ACYL  CHAINS  -  FUNCTION  AND  PACKING  PRO¬ 
PERTIES  IN  BIOLOGICAL  MEMBRANES 

G.  Lin3bl<>o\  L.  Rilfora^A.  Wlcslantler^and  X.  Br«ncel*»  Dept, 
of  Phy$,  Chea.*4r<J  Dept,  of  8io<:hea,^  Univ,  of  Uacl,  Sweden. 

Several  genera  of  bacteria  have  aceferane  llpid$  which 
contain  mainly  Iso  and  anteiso  aethyl'branchcd  acyl  chains. 

In  our  study  vc  have  used;  (1)  n?;jateHur,  whose 

lipidk  contain  about  90  nol7  branched  acyl  chairs;  {2)Ach7le 
pl23’^  which  readily  incorporates  branched  fatty 

acids  (95  molZ)  into  Its  lipids.  The  influence  of  iso  and 
anteisn  acyl  chains  on  the  pacHr;7  prep^rti^a  of  aeabrane 
lipids  was  studied  with  phosphatidylethanolaalne  (PE)  isola¬ 
ted  froa  tm  ne;i'Jte]riun  grown  at  different  teaperatures.  Ttie 
phase  equilibria  in  PE-vater  aixtures  were  determined  with 
'’p  SMR,  KMR  and  polarized  light  eicroscopy.  It  was  found 
that  the  molecular  shape  of  the  lipid  is  affected  by  the  po¬ 
sition  of  the  aethyl-branching  point  along  the  acyl  chain. 

The  difference  in  molecular  shape,  and  hence  in  packing  pro¬ 
perties,  between  lipids  containing  iso  and  anteiso  acyl 
chains,  is  most  likely  an  iaportant  explanation  to  the  teepe- 
rature  dependent  lipid  tv^Uiticfn  ^chanisa  observed 
in  B.  The  role  played  by  the  two  branched  fatty 

acids  in  biological  aeebranes  was  further  elucidated  by  in¬ 
vestigating  the  way  in  which  the  polar  head  group  coopositioo 
in  aeabrane  lipids  of  A,  laidUo^'i  is  affected  by  incorpora¬ 
tion  of  these  acids.  Zt  is  concluded,  that  iso  and  anteiso 
acyl  chains  have  distinctly  different  packing  properties  in 
a  biological  membrane,  and  that  the  two  acids  are  able  to 
fulfill  the  same  role  as  straight-chain  saturated  and  unsatu- 
ratad  acids,  respectively,  in  lipid  regulation  mechanisms. 
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HAGNaiC  HWSUREHENTS,  fDXRF  AhALYSIS  AND  ELECTRON  MICROSCOPY 
ON  IRON  RICH  PARTICLES  IN  EUROPEAN  EEL  (AVCt'/EW  A\’GUIlUl,) 

H. Hanson*, fi. Wl naarkMi Dblad*  and  L.Strld* 

''FHysie?  Dept.and  ♦Dept.of  81ochc«*stry  and  Biophysics, 
Chalmers  University  of  Tcchno109y,  Gothenburg,  Sweden. 

Ve  have  investigated  samples  of  tissue  and  oroans  of  the 
European  eel, looking  for  oagnetic  mteriahHagnetic  suscept* 
tbility  measurements  showed  that  bone  saeplcs  fron  the  skull, 
ths  vertebral  column  end  the  pectoral  girdle  contain  sag* 
netic  precipitates  or  particles  as  evidenced  by  a  sagneti- 
fation  contribution  that  becomes  saturated  in  a  field  of 
4.4  kOe.  In  samples  frea  the  preoaxtlloithmovoceerine  block 
the  magnetic  material  is  localized  to  the  periosteifa  and/or 
the  meninx  whereas  the  bone  is  purely  diasagnetic' \  Energy 
dispersive  X-ray  fluorescence  (EOXRF)  analysis  of  the  samples 
showed  that  the  m.gnetic  caaterial  is  associated  with  iron. 
Tissue  scraped  froa  the  ventral  side  of  the  skull  roof  and 
containing  magnetic  precipitates  was  cheatcally  fractionated 
and  further  investigated  by  EDXRF  and  by  high  resolution 
electron  aicroscopy.  These  analyses  revealed  that  the  oain 
part  of  the  iron  is  present  in  the  fom  of  iron  rich  par¬ 
ticles. The  particles, about  100-3000A  large.have  irregular 
shapes  and  are  conposed  of  two  or  oore  iron  rich  phases.  The 
structures  of  magnetite  (FesOi), hematite  (a-re203)  and 
bcc  iron  were  identified  by  electron  diffraction  a). 

1)  H.HansQn,L.Karlsson  and  UVesterberg,  Coop.Biocheo. 
Physiol.  Yol.77A,No.2.pp.221-Z24.1934. 

2)  H.Hanson,G.Uiroark,H.Ob1ad  and  L.Strid,  to  be  published 
in  Coop.Biocheo.Physiol. 
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EPR  STUDY  OF  Mn(II)  BIKDING  TO  HUMAN  SERUM  LOW 
DENSITY  LIPOPROTEIN 

Greta  Plfat,  J.  Brnjas-Kraljcvic,  Lj.  Udoviclc, 
j.?i.  Herak  and  G.  JOrgens,  Rudjer  Boskovic 
Institute.  Bijenicka  c.  5^,  Zagreb,  Yugoslavia 

The  sechanisoi  of  interaction  between  huoan  low 
density  lipoprotein  (LDL)  and  certain  cells  within 
the  arterial  wall,  could  be  enlightened  by  the 
characterisation  of  the  surface  of  the  LDL  parti¬ 
cles.  The  ESR  techni<{ue  is  used  to  deteraine  the 
capacity  of  LDL  to  bind  divalent  ions.  The  para- 
aagnetic  Mn(II)  was  found  to  be  a  suitable  probe. 
Different  isolation  procedures  of  serua  LDL  are 
found  to  influence  the  LDL  surface.  In  the  prepa¬ 
ration  procedure  with  sodiua  tungstate,  the  LDL 
particles  exibit  two  types  of  binding  sites.  Pre¬ 
paration  by  ultracentrifuge  resulted  in  LDL  parti¬ 
cles  with  only  one  type  of  Hn(ll).  binding  sites. 

In  the  TRIS-HCl  aediua  buffered  at  pH  7*^  with  the 
ionic  strength  between  0.01  and  0.07  H/L  the  nuaber 
of  binding  sites  is  about  60.  Apparent  binding  con¬ 
stants  strongly  depend  on  the  ionic  strenght  of  th'e 
buffer.  The  aagnitudes  of  these  constants  are  re¬ 
lated  with  the  use  of  a  siaple  electrolyte  theory. 
In  the  buffers  of  higher  ionic  strenght  (0.08-0.20 
M/L),  the  Mn(II)  binding  paraaeters*  are  different. 
The  enhanced  nuaber  (100)  of  binding  sites  could 
be  the  indication  that  the  LDL  surface  structure 
is  Influenced  by  the  ionic  strenght. 
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hat?  IKD  HAIL  IS  A  BIOPSY  MAXKRIAL  PROCIEBSS  IHD 
PROSPBCTS 

T«Blninr  •Physios  Departasnt*  Paouliy  ot  Solanos 
Unlvsrsltyi  Tantsi  SGYPf 
Instrumental  neutron  activation  analysis  has 
been  perfoYtaed  on  human  hair  and  nail  ot  the  no- 
xmal  Egyptian  s^dent  populations  to  define  the 
base  lino  levels  of  trace  elements;  She  elemen* 
tal  abundances  for  24  elements  <  Hai01|R«SojTl| 
Cr|Vtiin«?e|CO|(7U|Zn.AS|Se.Br|Hb«Ag|Cd«Sb|I|La9 
Ce|Sa  and  Au)  oooputed  using  a  k.  and  relative 
procedures*  The  concentration  or  oetalllo  elem*- 
ents  In  human  hair  and  noil  has  been  related  to 
several  demographlo  variables  bftsed  on  eezidlett 
place  of  residence  and  pergnanoy  locatatlon* 
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TtiCPERATfRE  PEPESOENCE  OF  THE  FieRINOCEN-FIBRIN  ACCRECATION 
C.  Di>t!«r«  W,  K^nxig,  Lsbor«CPriua  (Gr  F«stkdrp«rphytik, 

EIH.  CH-S09i  Zdrich  /  SviCzcrl«n<! 

A.  KZberti,  P.W,  Straub,  Throaborc-Laboratoriua,  K«dizin{«chc 
l'niv«rsicHc$kUnik,  Instlspital,  CH-^OIO  Bern/SvitzerUnd 

The  aggregation  process  occurring  in  a  solution  of  fibrinogeo 
r^lecules  after  addition  of  the  enzyve  throobin  was  studied 
Ai.  a  function  of  tiae  at  different  teepcraturcs  by  scans  of 
static  and  dynasic  light  scattering  and  sieultaneous  deter* 
raination  of  :he  released  f ibrinopeptide  A  (FFA). 

Light  scatter!: gives  infornacion  on  the  evolution  of  the 
nean  i»olecuUr  weight  of  the  polyaers.  The  FPA  release  gives 
the  number  of  activated  binding  sites  and  thus  represents  the 
reaction  coordit.ate  deteralning  the  polyaer  distribution. 
Prior  to  the  sol*gel  transition  the  evolution  of  the  polyaer 
distribution  in  tie^e  is  found  to  be  independent  of  the  tear 
perature.  The  analysis  of  the  experlaents  shows  chat  there 
are  two  processes  involved  with  opposite  teaperature  depen¬ 
dence.  On  the  one  hand  the  rate  of  FPA  release  by  the  enzysie 
ihroebin  increases  with  increasing  teaperature  shoving  that 
the  enzyaatic  step  is  cheraally  activated.  On  the  ocher  liand 
the  aggregation  rate  of  the  aonociers  decreases  with  increa¬ 
sing  teaperature  shoving  that  the  polyaerizatton  is  exother- 
Qiio.  The  polyserization  enthalpy  could  be  extracted  froa  the 
probability  of  bond  formation  as  deduced  froa  the  light 
scattering  data.  Us  value.  -  19  kcal/Q,^^,  is  in  agreeaent 
with  caloriaetric  data  by  other  authors. 
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EMEROECT  COILECIIVE  COHPUTJITIONAL  PROPERTIES  IN  NETWORKS  OF 
ORABED  KESPONSE  NEURONS.  D.W.  TanV:'  and  J.J.  Hopfleld'*  , 
’Department  of  Molecular  Biophysics,  AT&T  Bell 
Laboratories,  Hurray  Hilli  NJ,  USA  and  '^California 
Institute  of  Technology,  Pasadena,  CA,  USA. 

In  earlier  work  (d.J.  Hopfleld  (1982)  Proc.  Natl.  Acad. 
Sci.  USA  79r  255^*2558)  neurons  were  modeled  as  slsple 
two-state  McCulIoch-Pltts  threshold  devices  having  outputs 
of  0  or  1.  A  highly  Interconnected  network  of  these  two- 
state  neurons  behaved  as  a  content  addressable  seaory 
(CAM).  the  state  of  the  network  at  any  tine  was 
represented  by  the  set  of  neuron  outputs.  Stable  systea 
states  were  the  "eeaories"  of  the  CAM.  Content  addressable 
oeaory-recall  followed  relaxation  of  the  network  froa  an 
Initial  state  which  was  a  subpart  of  one  of  these  seaories. 
Ve  have  now  perfomed  cooputer  siaulations  of  networks  of 
neurons  having  graded  input-output  relations.  The  goal  was 
to  cake  the  cwssunication  and  processing  properties  of  the 
aodel  neurons  oore  "biological".  The  effects  of  discrete 
outputs  Action  potentials),  neabrane  tlae  constants,  and 
sigaoldal  dependence  of  output  firing  rate  on  aeabrane 
potential  were  included.  Also,  we  have  used  paraaeters 
slDilar  to  those  eapirically  deteralned  fron 
electrophyslological  data.  We  find  that  these  networks 
retain  Ute  capability  of  two-state  neuronal  networks  to 
behave  as  a  CAM.  The  results  suggest  that  one  collective 
coaputatlonal  task  that  real  neuronal  networks  could 
perfora  is  content  addressable  inforaatlon  storage  with 
recall  tlees  of  the  order  of  tens  of  allllseconds. 
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ROLE  OF  LIPID  CHAIN  UNSATURATION  IN  MEMBRANES 

J,  T,  He  and  N,  R,  Chen,  Dept,  of  Physics,  State  Unlv.of 

New  York  at  Buffalo,  Buffalo,  New  York,  USA. 

Uc  have  used  laser  Raaan  scattering  to  study  the  phase 
transitional  properties  of  acsbrancs  sade  up  of  syntlietic 
lipids  containing  unsaturated  bonds  in  one  or  both  acyl 
chains,  as  well  as  those  which  contain  aymetrle  or 
asysaetric  saturated  drains.  It  tns  found  that  Bcabranes 
with  asyaaetric  saturated  chains  exhibit  sharp  phase 
transitions  over  a  temperature  range  of  less  than  1*C, 
slailar  to  those  with  sytactrlc  saturated  chains.  Thus  the 
asyeaetry  affects  the  degree  of  order  in  the  chains,  as  was 
found  in  previous  studies,  but  it  does  not  affect  the 
tmperature  width  of  tha  transition.  On  the  other  hand, 
lipids  with  asytectric  chains,  of  which  one  Is  saturated 
and  the  ether  one  containing  a  -C^C-  botd,  exhibit  a  aoch 
broader  phase  transition  over  a  teaperature  range  of  about 
5*C.  To  test  whether  this  effect  Is  due  to  the  asymoctry 
in  the  chains,  ve  have  also  studied  lipids  with  eyetaotric 
saturated  chains,  and  found  the  saae  broad  phase  transition 
Thus  the  occurrence  of  a  double  bond  in  one  or  both  the 
acyl  chains  of  the  phospholipid  has  a  profound  effect  on 
the  degree  of  coopcrativlty  and  phase  transition  of  the 
aoabrane. 
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A  ^ll-XMR  STWT  OF  THE  EXCIIA.SCEABI.E  PROTONSITES  OF  CRA.M1CI0IS 
D  A-NO  s  IS  OFFC  LirosasES. 

K.P.  PatCtfwT,  K.  Pauls  and  .M.  Blooa.  Dept,  of  Physics,  Univ, 
of  Br it ish  Col uab i a ,  Vancouver,  Canada. 

^Dept.  of  Molecular  Pliysics,  Agricultural  Unlv.,  Vageningen, 
The  Netherlands 

Dcutciiua  nuclear  M.ignctic  resonance  cxprrlaents  are 
presented  of  graoacidin  D  and  S  in  dipalaitovlphosphatidyl 
choline  •ultilanollar  vesicles  dispersed  in  *1120.  Invariance 
of  the  obtained  spectra,  spin-spin  (T2c)  and  spin- 

lattice  (T|e)  relaxation  tines  of  the  deuterated  aaidc  bonds 
of  ftr.Uiicidin  S  in  the  Uposoews  indicate  an  interfacial  lo¬ 
cation  of  tlic  graMicidin  S  i'-plcatcd  sheet.  Ttiis  is  in  strong 
contrast  with  tho  dynaaic  structure  of  the  aaidc  bonds  in  the 
helical  backbone  of  the  bit.iycr  spanning  graaicidin  D  diacr 
chotinel,  vliich  changed  at  tho  onset  of  the  broadened  phase 
transition.  Axial  autions  with  a  fixed  axis  of  rotation  that 
are  fast  on  the  2h-nmr  riae  scale  (lO’^s)  were  experienced 
above  the  phase  transition  by  the  aaido  deuterons  and  caused 
the  quadrupolc  splitting  to  split  up  in  several  quadrupole 
splittings.  Froa  the  aaxiaua  quadrupolc  splitting  (I4S  kriz) 
an  angle  of  10®  between  the  aaidc-nUrogen  dcuteriua  bof/d 
and  the  long  axis  of  the  graaicidin  0  channel  was  calculated 
Spin-spin  relaxation  tiacs  of  the  deuterated  aaide  bonds  in¬ 
side  the  graaicidin  D  channel  shoved  a  ainlaua,  T2e*^Dy»»  at 
the  onset  of  the  phase  transition  (TS^).  By  the  location  of 
the  ainiaua  at  the  onset  of  the  phase  transition  also 
preferential  partitioning  of  the  graaicidin  D  channel  in  the 
liquid-crystalUnc  regions  of  a  ai xcd phase  bi lay^  r was  indica* 
ted. 
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STRUCTURE  OF  BOVINE  6-IACIOCLOBULIN  AT  2.8A  RESOLUTION 
L.Sawyer*,  M.Paplz*,  A.C.T.Northf,  E.E.Ellopoulost  and 
R.Coopcrt/  *Napier  College,  Edinburgh  and  tAstbiry 
Dcparc&ene  of  Biophysics,  Leeds,  UX. 

Bovine  6-lactoglobuIin  is  a  dleeric  protein  with  a 
Dolecular  weight  of  2  x  18,400.  In  solution  it  undergoes  a 
pH-dependent  transition  bett>een  two  alternative  structures. 
The  structures  of  two  different  crystal  foras,  lattices  y 
and  X  crystallised  on  either  side  of  the  transition  at 
pH  7.5  and  pH  6.5  respectively,  are  currently  under 
investigation.  The  lattice  Y  structure  dotcralnod  by 
Bultiple  isoDorphous  replaccaent  at  2.8a  resolution  reveals 
a  aainly  6'protein  consisting  of  two  twisted  8-shects 
with  perpendicular  directions,  foraing  a  deep  cavity  at  the 
centre  of  the  aolecule.  The  lattice  X  structure  detcrained 
by  isosiorphous  replaccaent  and  oolecular  transforaations  is 
currently  being  exaalncd  in  order  to  investigate  the 
conforaational  differences  between  the  two  structures. 
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Calcium  Suffering  in  Myxicola  Giant  Axons  Investigated  by  Afsen- 
azo  in  fnjection  Using  Inhibitors  of  Calcium-Scquestcrlng  Proccss- 
es.  R.  A.  Siodin.  Department  of  Biophysics,  University  of  Maryland 
School  of  Medicine,  Baltimore,  Maryland,  USA. 

Previous  work  from  this  laboratory  using  ^®Ca  and  centri¬ 
fuged  isolated  axoplasm  samples  has  shown  tliat  calcium  sequestra¬ 
tion  can  be  separated  with  inhibitors  into  two  classes,  one  sensitive 
to  the  mitochondrial  uneouplcr  FCCP  and  the  other  class  sensitive 
to  inhibitors  of  Cd:ATPasc  such  as  vanadate  or  quercetin.  To 
determine  the  influence  of  these  inhibitors  on  the  kinetics  of 
calcium  sequestration  in  intact  Mvxiccla  giant  axons,  axons  were 
microinjoeted  with  arsenazo  nr  and  moimted  for  monitoring  the 
internal  ionized  calcium  concentration  by  dual-wavelength  absorp¬ 
tion  spectrophotometry.  The  axons  injected  with  arsenazo  HI  were 
subsequently  Internally  dialyzed  for  Introduction  of  calcium  loads 
and  inhibitors  according  to  given  dialysis-pulse  schedules  of  1 
minute  each.  In  control  axons  in  the  absence  of  Inhibitors  intro¬ 
duction  of  a  standard  calcium  load  by  dialysis  that  Increased  the 
total  calcium  content  by  about  10%  Increased  the  value  of  (Ca** }  | 
ty  about  CO  nM  Initially  followed  by  a  return  to  the  Initial  baseline 
within  about  10  minutes.  In  the  combined  presence  of  FCCP, 
vanadate,  and  A23187,  Ute  same  calcium  load  produced  about  the 
same  initial  rise  in  iCa^*  1  j  but  recovery  was  markedly  slowed  and 
Incomplete.  As  the  rise  in  (Ca^*  ]  |  would  have  been  about  1090- 
fold  greater  (n  the  complete  absence  of  buffering,  the  conclusion  is 
that  considerable  residual  buffering  of  Ca  ions  remains  in  axons 
with  both  mitochondria  and  SER  vesicles  poisoned. 
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PIfASE  TRANSITIONS  AND  PHASE  SEPARATtONS  INOOCCO  BY  CATIONtC 
POLYPEPTIDES  IN  DIFAUllTOYLPHOSPHATIDYLGLYCEROL  BXIAYCRSj  A 
FLUORESCENCE  POIARIZA.TION  STUDY,  0.  C^icrter*,  J.  Dutouccq, 
J,-F.  Faucon  and  M.  POioUt*.  Cntr,  Rach.  Paul  Paacal, 
C.N.R.S,,  Talanco,  FrancQ  and  Mp.  ChlMle,  Univ.  laval, 
Puabec,  Canada, 

Th«  Inlluanco  oC  lyslna  containing  hooo  and  copolypop- 
tldo  on  dlpalMltoylpbosphatidylglyceroUDPPG)  thoraotroplc 
behavior  haa  been  atudied  by  Cluoreaoonco  polaritatlon  maavo 
renonta  with  dtphenylhexAtrieno  aa  optical  probe.  The  niaibor 
ot  phases  obaetvod  and  their  gel  to  liquid  cryatalline  trana> 
Ulon  ti-*perature8(Tc)  proved  to  be  the  eaae  (or  the  Itpld 
dispersion  and  (or  asall  unilamllar  vesicles,  although  an 
excess  oi  polypeptide  appoated  to  uMlity  the  structure  of 
these  letters.  Below  equUolar  ratio  of  lipid  tolecules  to 
lysine  residues,  a  single  phase  transition  was  detected  (four 
degrees  higher  than  (or  the  pure  lipid)  and  the  fluid  phase 
IluoreacencQ  polacir.ation(Pf )  was  increased.  Doth  and  Pf 
then  regained  constant  with  Increasing  peptide  ooooentration. 
The  value  oC  Tq  OepenCAd  on  the  nature  and  nolccular  weight 
o(  the  peptide,  a  larger  shift  being  obtained  (or  longer 
chains  of  polylyaino.  For  solar  ratios  between  ten  and  two 
lipid  Molecules  por  lysine  residu,  the  nusber  of  phases 
differed  according  to  the  nature  and  Unght  of  the  poly- 
peptidei  for  erasplo,  three  phases  were  oboerved  with  poly- 
D-Lys  of  M.W.  100  000,  two  with  ( U-Lyo.I/>Al4)n  and  only  one 
with  «  shorter  poly-I/*Lys(H,W.400Q).  When  several  phases 
wore  present,  the  lowest  Tq  corresix>nded  to  that  of  the  pure 
lipid.  These  data  are  coepared  with  previous  Raskan  spectros¬ 
copy  results  on  a  slailar  systen. 
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A  DIGITAL  PHASE  SENSITIV  DETECTOR  FOR  USE  IN  ELECTRON 
SPIN  RESONA.NCE  SPECTROSCOPY 

A.l.  Vistnes,  D.I.  Vonasld,  S.  Isachsen,  and  D.  Schsalbein 
In$c.  of  Physics,  Un*v.  of  Oslo,  Oslo,  Norway 

A  digical  phase  senslclv  detector  (DPSD)  has  been  devel¬ 
oped  to  investigate  slow  oolecular  oovesents  of  proteins  in 
biological  oeabranes.  A  oinicoaputer  connected  to  a  codified 
Broker  ESR  spectroaeter  controls  the  aodulation  and  the  data 
acquisition.  The  nuaber  of  data  acquisition  per  aodulation 
period  nay  be  set  to  an  integer  nuaber  so  that  acquisition  is 
carried  out  at  the  saae  points  in  every  aodulation  period. 

The  high  phase  accuracy  allows  coapressing  of  the  data  before 
the  Fourier  transfoioacinn  which  then  becoaes  very  fast. 

The  in-phase  and  phase-quadrature  signals  are  recorded  sicul- 
taneously  and  all  errors  due  to  drift  are  eliainated.  The 
OPSD  should  be  very  well  suited  for  non-linear  ESR  techniques 
such  as  saturation  transfer  ESR,  aagnitude  saturation  trans¬ 
fer  ESR,  and  magnetization  hysteresis  ESR. 


262 

STRUCTURE  OF  CAULOB^CTER  FLAGELUR  FXUUIENT 
Y.  Slttraklhara  and  S.  Koyasu,  Dept,  of  Physics  and  Dept,  of 
Bioj^yslcs  and  Biocheaistry,  Faculty  of  Science,  Univ.  of 
Tokyo,  Hongo,  Tokyo,  Japan. 

The  Caulobacter  flagelllns  (flagellxn  A  and  flagellin  B) 
are  of  half  oolecular  weight  of  Salponolla  flagelllns.  .The 
Caulobacter  flagollua  coaprises  the  two  portions  each  of 
which  Is  cooposed  of  either  flagellin  only  (flagellin  A; 
distal,  flagellin  B.  proxlDal).  (1)  We  exaoined  the  struc¬ 
tures  of  two  straight  flagellin  pciy*  ns  (A-polyscr  and  B- 
polyocr)  by  loage  analysis  to  see  ’’he  packing  of  those  saall 
flagollins.  The  two  helical  lattices  (L  and  R)  of  Salnonella 
straight  flagella  were  found  in  the  A-polyoer^and  B-polycer, 
respectively.  In  the  proposed  Dodol  of  each  polyser,  the  two 
c^fomationaliy  different  aoiecuies  appear  aitoinatcly  ulong 
n>l  helix  and  the  whole  oolecules  are  placed  on  every  inter¬ 
section  between  n*l  helix  andlrs«ll  helix.  (2)  We  exa&incd 
the  shape  and  the  handedness  of  flagellar  filasent  by  EH  and 
dark  field  OH  and  found  that  the  helical  filasent  of  wild 
type  Caulobacter  is  curly  which  has  right-handed  helical 
fora.  This  acans  that  Caulobacter  swiss  by  roUitlon  of  a 
flagollua  in  an  opposite  sense  coopered  to  Salaonella  whose 
flagella  have  left-handed  helical  fora.  Froa  these  results 
of  U)  and  (2),  we  aay  conclude  that  flagellin  B  plays  an 
iaportant  role  in  flagella  foraation  because  of  its  tendency 
to  adopt  the  R-type  confonaaticn.  This  is  supported  by  an 
observation  of  autants  defective  in  synthesis  ot  flagellin  B. 


264 

FREE  RADICALS  IN  QUINONE  CONTAINING  ANTITUMOR 
AGENTS:  ELECTROCHEMICAL  REDUCTION  OF  DIAZIQUONE 
(NSC  182986)  AND  TWO  ANALOGS.  P.L.  Gutierrez.  B.M.  Fox.  M.M. 
MossoDa,  and  N.R,  Bac.’  .  University  of  Maryland  Cancer  Center, 
Division  of  Developmental  Therapeutics,  Baltimore,  MD,  U.S.A. 

Diaziquone  (AZQ)  belongs  to  a  family  of  antitumor  agents 
characterized  by  the  presence  of  qulnonn  croups.  In  general, 
quinonc  cuitaining  antitumor  agents  can  be  reduced  to  their  free 
radical  aruons  by  rat  liver  mlcrosomcs,  rat  liver  nuclei,  purified 
NADPH  cytochrome  C  reductase,  and  Ehrlich  ascites  cells.  We 
previously  r.'porled  the  activation  of  diaziquone  ond  alalogs  RQ2  and 
R14  to  free  radicals  by  liver  mlcrosomcs  andHADPH-cytochrome  C 
reductase.  These  two  analogs  contain  chlorine  atoms  which 
»ibstUute  either  the  carbocthoxyammo  groups  (RQ2)  or  the  azlridine 
groups  (RQ14)  In  the  AZQ  molecule.  The  free  radicals  observed  for 
AZQ  exhibited  a  5  I  nc  ESR  spectrum  of  broad  unresolved  lines.  We 
investigated  the  diaziquone  free  radical  formation  and  that  of  its 
two  analogs  using  controlled  potential  electrolysis.  This  technique 
allows  (Hie  to  control  the  number  of  electrons  involved  in  the 
reduction  process  as  well  as  providing  an  enrivonment  free  of 
metals,  proteins  and  other  chemicals.  The  lines  which  were 
unresolved  in  the  ESR  spectra  of  the  enzymatically  generated  free 
radical  became  well  rest'lvcd  (ll-line  spectrum),  facilitatinc  the 
identification  of  the  free  radical.  The  addition  of  water  to  the 
aprotic  solvents  of  the  clcctrochcmically  generated  free  radical 
resulted  in  the  5  line  ^cctra  observed  enzymatically.  The  data 
show  that  it  Is  reasonable  to  study  the  basic  structure  of  free 
radicals  of  quinonc  containing  agents  clectrochem'cally  and  draw 
biologically  relevant  conclusions  with  regard  to  the  drug  activity 
and  its  free  radical  structure. 
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Protein-Lipid  Interactions  at  Kcabrano  Surfaces 
F.  Sixl .  P.J.  Brophy  and  A.  Vatts 
Departeent  of  Blocheaistry,  University  of  Oxford, 
Oxford  0X1  3QU. 


Basic  protein  froa  bovine  spinal  cord  was  reconstituted 
into  bilayers  of  dlayristoylphosphatidylglycerol  (DltPG)  and 
equiaolar  aixtures  of  DMPG  with  phosphatidylcholine  (DMPC  at 
various  protein  concentrations.  Both  liquids  wore  selectively 
deuterated  at  all  positions  of  their  polar  head  groups  and 
their  rates  and  aaplitudes  of  sotlon  characterized  by  *IN 
and  Basic  protein  did  not  perturb  any  part  of  the 

DMPC  head  group,  whether  in  pure  DMPC  bilayers  or  in  DXPC/ 
DMPG  aixtures.  This  was  evident  froa  the  insensitivity  of 
the  KMB  spectra  of  deuterated  DMPC  to  the  presence  of 
protein.  The  interaction  of  basic  protein  with  the  acidic 
head  group  of  the  DMPG  however  gave  rise  to  significant 
changes  in  the  ^H-quadrupolo  splittings,  the  ^^P-chealcal 
shift  anisotropic  (CSA)  and,  to  a  saallor  degree,  the  *>i 
spin  lattice  relaxation  times.  An  analysis  of  the  data  for 
DMPG/baslc  protein  aesbranes  gave  the  following  results.  Up 
to  protein  concentrations  of  33  weight  %  the  exchange  of 
lipid  BOlccules  between  the  lipid-protein  coaplex  and  the 
free  lipid  aatrix  is  fast  on  the  KVR  tieescalo  (exchange 
frequency  >10*-10^  s"').  The  nunber  of  lipids  interacting 
with  basic  protein  in  the  doaaln  was  estimated  to  bo 
between  IS  and  28.  The  head  groups  of  DMPG  still  have  fast 
motion  at  the  protein  interface  but  are  coapletely 
disordered,  resulting  in  a  eoaaon  value  of  aero  for  QiA  aid  AU 

267 

ECOIIOUIZATIOII  IH  EHEKGY  UETAEOLISIS  UKDER 
EXFAHDIIIG  ADAPTIVE  CAPACITY  OP  Ti!E  ORGANISM 
M.II.Kondrashova,  E. A.  Kosenko  and  Y.G.Kanlnstor 
Inst. Biol. Physics, USSR  Acad.Sci.Pushchino,  USSR 
The  rabbits  exposed  to  moderate  hypoxic 
training  were  made, in  some  physiologic  and  mor¬ 
phologic  aspects, like  hares  that  characterized  by 
greatly  expanded  adaptive  capacity.  Bioohemioal 
differences  between  hypoxia-exposed  and  unexposed 
animals  were  observed  and  expressed  more  after 
24  hr  fasting.  The  steady  activation  of  energy 
metabolism  in  the  adapted  rabbits  as  seen  with 
significant  enhancement  in  gluconeogenesis  in 
fasting  caused  increasing  (rather  than  decreasing 
generally  secured)  the  hepatic  glucose  and  gluoo- 
se-S-phosphate  levels.  This  aotivation  was  due 
to  increased  HADVKADH  ratio  and  poorly  decreased 
ATP/ADP  ratio  in  the  fed  rabbit  liver.  Such  the 
redox  and  energization  changes  seem  to  detemine 
the  decrease  in  blood  lymphocyte  and  liver  mito¬ 
chondrial  succinate  dehydrogenase  activities  that 
results  in  the  lesser  enhancement  of  mitochondri¬ 
al  oxygen  consumption  under  fasting  and  in  the 
accelerated  formation  of  phosphoenolpyruvate. 

The  reorganization  described  in  energy  metabolism 
explains  the  mechanism  of  "paradoxal"  decrease 
in  the  requirement  of  trained  human  and  animal 
species  for  oxygen  and  feed  during  the  Intensive 
muscular  work  (the  economization  phenomenon). 
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'h  and  '^C  NMR  study  of  phospholipid  INTERACTION 
WITH  ERGOLENE  DERIVATIVES 
J.  Kidrlc,  H.  Cpad,  S.  Zagorc,  and  D.  Hadzi 
Boris  Kldric  Institute  of  Chemistry,  Ljubljana, 
Yugoslavia 

The  interaction  of  phosphatidylcholine  (PC) 
micelles  and  vesicles  with  ergolene  derivatives 
(ED)  methyldihydrolisergate  and  both  ergosine  epi- 
mers  was  investigated  by  'H  and*3c  NMR  spectrosco¬ 
py.  Paramagnetic  ions  were  used  to  label  the  ve¬ 
sicle  outer  layer.  Considering  the  *H  and^IC  che¬ 
mical  shifts  of  PC  and  ED  resonances  and  the  dis¬ 
appearance  of  the  shift  differences  between  the 
and  *3c  signals  of  the  outer  and  inner  -N'*'(Ke)3 
groups  of  PC  after  addition  of  ED  it  is  concluded 
that  ED  penetrate  the  membrane  bilayer  and  inters. : 
with  both  the  inner  and  outer  polar  heads  of  PC. 

A  model  for  the  interaction  between  ED  and  PC  bi¬ 
layer  is  proposed.  It  is  based  on  non  specific 
electrostatic  and  hydrogen  bonding  forces. 
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THE  STRUCTURE,  PHASE  SEPARATION  AND  INTERACTIVE  FORCES  OF 
OXIDIZED  CHOLESTEROL-DIPALMITOYLPHOSPHATIDYLCHOLINB  MIXTURES. 
M.  P^intazopoulou  and  L.J.  Lis,  Kent  State  University,  Kent, 
Ohio  44242. 

Oxidized  sterol  coapounds  replace  soae  fraction  of 
the  cholesterol  content  In  cell  aeabrancs  In  a  nuaber  of 
disease  states  including  neoplasia  and  atherosclerosis.  We 
have  alxed  7-keto  cholesterol  with  dipalnitoylphosphatldyl- 
chollne  (DPPC)  to  fora  aulti-hilayer  arrays,  which  are  then 
studied  using  x-ray  diffraction.  Prelialnary  results  show 
that  there  are  two  independent  hilayer  phases  at  all  water 
contents  for  9:1  aixeOrc  of  DPPC  and  7-kcto  cholesterol, 
and  only  one  phase  at  higher  water  contents  for  1:1  aixtures. 
The  foroer  aixture  produces  one  phase  with  a^repcat  spacing 
of  $$A,  and  another  with  a  spacing  of  ca.  80A.  These  results 
indicat*  that  7-keto  cholesterol  interacts  with  DPPC  hllayers 
in  a  oanner  siailar  to  cholesterol  rather  than  cholesterol 
esters.  The  net  repulsive  force  between  bilayers  was  eeas- 
ured  as  a  function  of  separation  using  the  osaotic  pressure 
technique  (LcSeveu  et  al  (1976)  Nature  601-60?).  A 
coaparlson  of  the  force  decay  with  bllayer  separation  will  be 
oade  between  DPPC  bilayers,  and  DPPC  bilayers  with  choles¬ 
terol  or  7-kcto  cholesterol. 
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RELATION  BETWEEN  CALCIUM  TRANSPORT  BY  SYNAPTOSOMES  AND 
PYRUVATE  DEHYOROGENASe  ACTIVITY 

R.G.  Hansford  and  F.  Castro.  Gerontology  Res.  Ctr..  NIA. 
JilHr’t'aVtTiwfe,  HO  U.S.A. 

We  have  investigated  the  Inportance  of  Ca^  transport 
across  plasoa  and  laitochondrial  nee^ranes  in  mediating  the 
increase  in  the  content  of  active  pyruvate  dehydrogenase 
(PW.)  xhich  occurs  when  synaptosocnes  are  depolarized. 
P0H.\as  60  ♦  3  (7).  67  ♦  2  (7)  and  80  ♦  2  (9)  T  of  total 
pyriJvdte  dehydrogenase,  Tn  controls  and  in  synaptosomes 
depolarizer  with  30  cM  KCI  and  30  pH  veratridinc,  ^spec- 
tivelv.  Keasurenents  of  intrasynaptosomal  free  Ca^ 

([Ca^  ].)  using  Quin  2  fluorescence  gave  values  of  approxi¬ 
mately  oO,  290  and  420  nH  under  these  saoe  conditions.  Ir- 
cubationp^ith  Ruthenium  Red  (RR),  an  inhibitor  of  nitochon- 
driaT  Ca^  transport,  gave  euch  lower  resting  values  of 
POHm,  i.e.  42  ♦  2  (7)  I  of  total,  but  did  not  prevent  a 
small  Tnerease'^due  to  verauldine,  i.e.  52  *  1  (7)  1.  There 
was  a  large  Increase  in  [Ca‘  ]  in<rXn  0--uptakc  on  adding 
veratridine  in  the  presence  orRR.  Addition  of  an  excess  of 
EGTA  ienediately  prior  to  veratridine  only  slightly  diBlnish- 
ed  the  response  of  PDH.  content  to  depolarization  (76«2(8)T) 
Addition  of  ouabain  also  gave  a  dinlnished  response 
(73  1  2  (8)  T).  Th9|e  results  lend  support  to  the  Idea  that 
net  Transport  ofp^a^  Into  the  aitochondrta,  a  consequence 
of  a  rise  in  [Ca  ]  ,  »s  ioportant  in  the  response  of  POH. 
content  to  depolarization.  Howver,  other  effectors  of  PW 
Interconversion,  e^.  KAOH/NAO  and  ATP/AOP  ratios,  are  also 
iapllcated.  Entry  of  Ca^  across  the  plasm  Dcnbrane  ap¬ 
pears  not  to  be  necessary. 
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otudy  of  l>yDpatuoDinetic  drurts  and  allied  coopound 
By  RSKHA  R.PATTAHAYBK.  J .K .BAWAGUFTA  c  H.«.SAHA 
3  c  M«  B.  yivTsion,  saha  Inotitute  of  b'uclear 
Phyolca,  wcctor-1,  Block-'AP',  Bidhan  Nagar, 
3alcutta-70O  064,  India, 

Five  coDpounds  In  tne  forn  of  nydrochlorldes,  para 
Hydroxy  epnedrlnelO.MSFH) ,  DL-N-j»thylnorphenyleph- 
rlnc  (SAFE),  BL-aetaneparinr  MNP),  DL-noroetane> 
phrlne  (NHNP)  and  3,4,  Oisettioxypnenetbylanlne 

nave  been  ctudied,  the  firot  two  coopound 
being  oyopatnonioctic  druge  and  tne  reoaining 
three  are  ojrtpatnooinetic  derivatives  Raring  no 
direct  drug  action.  In  first  coopound  (OH)  is  the 
substituent  group  at  tne  para  .vosltlon  of  tne  ben¬ 
zene  ring  of  cpnedrine  and  in  tne  second  compound 
the  \C2Hc)group  is  substituted  at  the  K~teroinaI 
pocltion^of  ethylanine  side  cnain.  In  other  two 
coopounds,  MM  and  ICINP,  tne  \0Cri4)  is  the  substi¬ 
tuent  group  In  tue  oeta  position  of  benzene  ring 
of  epinepurine  and  noropinepurine  respectively  and 
In  PMPfiA,  two  OCH^wgroups  are  substituted  in  the 
para^and  oeta-position  of  benzene  ring.  In  first 
two  coopoundp,  in  spite  of  substitution  the  conf- 
oroation  rerains  nox'e  or  less  sane  ao  tnat  of  Othe 
jyapathODioetic  anines.  In  MKP  and  DKPBA,  the  side 
chain  In  eacn  case  unlike  the  foroer  two.  Is  fold¬ 
ed  and  have  no  direct  drug  action.  Whereas,  in 
VMNP,  the  confozrratlon  of  the  oolecule  lo  like  tha 
of  syTpathonloetic  drug  but  it  has  also  no  direct 
drjg  z^ction. 
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iNriuCNce  or  ACYi.cARNitu«es  on  phosphatioylcholinc  silavcrs. 
f.  vaft  CauBflagrt.  I.  Mansseris,  n.  Hfrrre«a'>«  Snterdlsclplloary 
Research  Center.  K.u.teuven  Caspus  Kortiljk.  Korfljk,  Oel- 
9luo. 

Soee  experieents  suggest  that  accuaulation  or  long-chain 
acylcarnStlnes  in  the  cellular  and  subcellul t  eeabrancs  or 
eyocardlal  cells  nay  alter  cardiac  runctlon.  Thererore  we 
studied  the  interaction  between  seall  unllaeeilar  vesicles 
(SUV)  or  OMPC  and  OPPC  at  >7*.  and  pH  6.8  with  dirrerent 
aeouhts  or  acylcamltines  (rroa  Hexanoyl-  to  palaltoylcarni- 
tine)  with  steady-state  riuoreseence  anisotropy  or  OPH  inset¬ 
ted  in  the  Mlayer  and  light  scattering  at  *00  nn.  The  per- 
seability  ror  Ca^*-lons  was  also  followed  during  the  Inter¬ 
action, 

It  Is  obsetired  that  addition  of  acylcamitlnes  to  Suv  of  Ohp< 
or  OPPC  decreases  the  width  of  the  gel  to  liquid  crystalline 
phase  transition  in  the  bIlayer.  This  effect  is  not  observec 
•hen  the  added  carnitine  has  an  acyl  chain  length  which  Is 
2-ca:hon.segnents  shorter  than  the  acyl  chain  length  of  the 
phospholipid  In  the  bllayer.  Incubation  of  SUV  of  0«PC  with 
PCa,  MCa  and  LCa  at  37«  and  30*C  did  not  change  the  light 
scattering.  However  at  23*C  the  Suv  show  a  drastic  Increase 
in  light  scattering,  starting  at  a  Oupc  acylcamitine  eolar 
ratio  of  108  with  a  naxie^n  at  a  ratio  of  20  These  results 
Suggest  that  the  Sov  are  destabilired  by  the  acylcarniti* e 
into  large  structures.  This  was  conflroed  by  electron  al- 
croscopy.  0y  permeability  experinents  with  catboxyfluores- 
celn  or, a  Ca^'-Arsenaro  fixture,  and  also  by  Kwfi-experl«ents 
with  Pr^*,  we  did  find  an  increase  m  permeability  of  the  bl- 
layer  during  the  reorganiiation  of  Suv  in  larger  structure. 
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Ca+2  imi'CED  PHASE  SEPARATIONS  IN’  PHOSPHOLIPID  MDCTTOLS 
W.  ToDura-Lls,  M.  Pancazopoulou,  and  L.J.  Lis.  Ocpart&cnt 
of  Physics,  Kent  State  Tnlverslty,  Kent.  Ohio  44242.  U.S.A. 

Ca'*'2  solutions  of  low  sioTarlty  (7  to  100  ssM)  have  been 
shown  by  x*ray  diffraction  to  produce  phase  separations  in 
egg  yo)k  phosphatidylcholine  (EYPC)  oultlbilayer  arrays 
(Biochcaisery  (1981)  20:  1771-1777).  One  phase  was  clearly 
swollen  with  a  very  large  blld>er  separation  characteristic 
of  charged  lipid  systems,  thlle  the  second  phase  swelled  to 
the  saoe  lixalted  extent  as  EYPC  in  pure  water.  We  have 
extended  this  study  to  aixturcs  of  homogeneous  chain  phospha¬ 
tidylcholines  (D0PC:DLPC,  D)iPC;DLPC,  And  D0PC;D)IPC).  egg 
yolk  phosphatidylcthanolaalne  mixtures  of  phosphatidylcho¬ 
line  and  phosphatldylcthanolaelne  <D0PC:iX)PE),  and  a  nixed 
chain  phosphatidylcholine  (paloltoyloleoyl  PC).  This  data 
indicates  that  phase  separations  in  these  systess  only 
occur  in  aixturcs  of  phospholipids  with  disslnilar  acyl 
chains  or  head  group).  Prcliolnary  data  froa  cur  study  on 
nixed  chain  phosphatidylcholines  indicate  that  the  phase 
observed  in  EYPC  with  United  swelling  ta.3y  be  due  to  the 
lipid  population  with  alxed  chains. 
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BICPSffSrCS  OF  7AS1-  EX7ZSSX0S  OF  TiiE  LTPES  LIK3.  .M.J.  S&hvl 
and  S.A.E.  Kosei&i,  University  of  Technology  P.O.Box  ^06 
Tehran,  Iran 

Fast  extensions  of  the  partially  stretched  upper  llab 
la  a  vertical  plane  under  four  load  conditions  (0,1, 2, 3  kg 
in  hand)  and  various  aoveaent  ranges  (90* to  150*)  were 
registered  by  a  high  speed  sovie  camera  (50  and  100  frames 
per  second)  and  also  by  stroboscopic  saspling  (50  pps)  on 
still  pictures  with  sisulta.neous  recording  of  BW  froa 
biceps  braehli  and  triceps  brachli  suscles.  Kovesent 
Involves  elbow  and  shoulder  Joints  with  possible  excess 
extension  up  to  15*.  Blsplacesent,  speed,  and  acceleration 
of  ten  points  froa  thu=b  (PI)  to  shoulder  (PIO)  were 
obtained  and  plotted  vs.  tise.  Trajectories  near  PI  ere 
saooth  curves  with  acceleration  sad  deceleration  periods. 

On  getting  close  to  PIO, trajectories  decospose  in  to  three 
leases  reseabling  an  inverted  Z  with  distortion  (  ). 

Ihe  geometrical  and  kinenatical  characteisties  of  three 
leases  and  their  transition  to  the  saooth  trajectories  near 
PI  depend  on  load,  speed,  and  aovesent  range.  The  IMG 
recording  shows  stronger  correlation  with  these  phases  than 
with  the  acceleration  and  deceleration  periods  of  PI,  The 
forearm  !ia>  be  sedelcd  as  a  systea  with  a  pair  of  dosinai.t 
poles  and  two  correlated  inputs,  i.e.,  elbow  Joint 
displacesent  and  auscles’force.  Patterns  of  input  observed 
in  these  experinents  Is  shown  to  eliainate  overshoot  and 
oscillatory  behaviour  of  the  systea  and  produce  a  step-like 
output. 
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Symposium  on  Folding.  Dynamics  and  Solvation  of  Macromolecules  (Part  1) 

STRUCTURE  A>iD  C0NF0RI!ATI0NAL  CHANGE  IN  PROTEINS 
Cyrus  Cliothia 

Christopher  Ingold  Laooratories,  Department  of  Chemistry,  University  of  London, 
London  and  Medical  Research  Council,  Laboratory  of  Molecular  Biology,  Cambridge 

The  general  principles  governing  the  tlu-ee-dimensional  structure  of  globular 
proteins  that  have  been  discovered  over  the  past  few  years  include: 

1)  The  interior  of  proteins  are  close  packed.  The  shape  of  the  surfaces 
of  a-helices  and  p-sheets  is  determined  to  a  first  appro:cimation  by  main  chain 
conformation.  As  a  consequence,  a-hclices  and  f-sheets  usually  pack  in  one  of 
a  small  number  of  relative  orientations. 

2)  The  links  between  secondary  structures  tend  to  be  short,  have  a  topology 
that  is  right-handed  and  do  not  form  knots. 

5)  A  consequence  of  l)  and  2)  is  that  protein  chains  often  fold  to  give 
secondary  structures  arranged  in  one  of  a  few  common  patterns .  Thus  there  are 
families  or  classes  of  proteins  that  have  a  similar  tertiary  structure  but  no 
evolutionary  or  fiuictional  relationship. 

a)  The  stability  of  protein  structures  arises  from  the  reduction  in  the 
surface  accessible  to  solvent  that  occurs  on  folding  and  upon  intramolecular 
contacts.  The  total  surface  buried  OTthin  proteins  and  the  number  of  intra¬ 
molecular  hydrogen  bonds  is  a  function  of  molecular  weight. 

The  xu)dCT.''tanding  of  the  principles  that  govern  protein  structure 
facilitates  an  understanding  of  the  way  in  which  the  structure  may  be  changed. 
Many  important  properties  of  proteins,  particularly  those  concerned  with  the 
regulation  of  activity,  depend  upon  the  transmission  of  conformational  changes 
between  xd.dely  separated  sites.  The  approach  that  revealed  the  principles 
governing  the  structure  of  proteins  -  the  computational  and  graphical  analysis 
of  protein  atomic  coordinates  -  is  also  revealing  how  proteins  can  change  their 
structure.  The  analysis  of  different  forms  of  insulin  has  given  information 
on  the  relative  movements  of  packed  a-helices.  The  main  chain  of  tlio  helices 
moves  as  rigid  bodies  e.x-cept  for  occasional  bending  (kinking)  and  small  con¬ 
formational  clianges  in  residues  at  the  termini.  The  shift  of  one  helix 
relative  to  another  against  which  it  is  packed  is  accommodated  by  small  con¬ 
formational  clianges  in  the  side  chains  which  form  their  interface.  Such 
conformational  adjustments  limit  relative  helix  sheets  to  no  more  than 
appro <imately  I.5  X.  Such  helix  movements  are  of  central  importance  in  the 
allo-steric  mechanism  of  haemoglobin  and  domain  closure  in  enzymes. 
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Symposium  on  Folding,  Dynamics  and  Soivation  of  Macromoiecuies  (Part  1) 

PATIiWAYS  AND  MFCHANISMS  OF  PROTEIN  FOLDING  DETERMINED  EXPERIMENTALLY 
T.E.  Creighton,  MRC  Laboratory  of  Molecular  Biology,  Hills  Road,  Cambridge, 
'England. 

The  number  of  conformations  accessible  to  a  polypeptide  chain  is  so  great, 
and  current  understanding  of  the  physical  interactions  responsible  for  folded 
conformations  so  poor,  that  it  is  currently  impossible  to  rationalize  or  to 
predict  the  mechanism,  pathway,  or  end-product  of  protein  folding.  Experi¬ 
mental  elucidation  of  the  folding  process  is  hampered  by  the  cooperativity  of 
the  transition;  the  partially-folded  Intermediate  states  that  define  the 
folding  pathway  are  usually  unstable.  Such  unstable  intermediates  can 
accumulate  transiently,  but  the  kinetics  of  folding  are  complicated  by  slowly 
interconverted  forms  of  the  unfolded  protein,  resulting  from  slow  cis-trans 
isomerization  of  peptide  bonds  preceding  Pro  residues.  Nevertheless,  that 
compact,  partially  folded  Intermediates  have  been  frequently  observed  in 
refolding,  but  not  in  unfolding,  suggests  that  the  rate-limiting  transition 
state  in  both  unfolding  and  refolding  is  a  high-energy  distorted  form  of  the 
final  folded  conformation.  This  contrasts  with  suggested  mechanisms 
involving  a  nucleation  event  in  the  unfolded  polypeptide  chain,  with 
subsequent  rapid  folding. 

At  the  prese.nt  time,  folding  pathways  can  be  elucidated  onlv  by  trapping 
intermediates  in  a  stable  form,  using  the  readily  controlled  disulphide 
interaction  between  Cys  residues.  The  pathway  determined  in  this  way  for  the 
small  trvpsin  Inhibitor,  BPTl,  showed  folding  to  start  randomly  in  the 
unfolded,  reduced  protein,  but  to  converge  through  a  relatively  small  number 
of  disulphide  Intermediates.  The  disulphide  coupled  transition  is  like  other 
folding  transitions;  it  is  cooperative,  with  all  the  Intermediates  transient 
and  unstable  (unless  trapped),  and  has  a  rate-limiting  step  that  is  a 
high-energy  distorted  form  of  the  native  conformation.  The  nature  of  the 
rate-limiting  step  was  surprising,  as  it  involves  intramolecular  rearrangement 
of  disulphide  bonds  between  Cys  residues  widely  separated  in  the  folded 
conformation;  consequently,  folding  does  not  occur  by  the  sequential 
formation  of  the  three  final  disulphides.  Why  this  complex  transition  is  the 
energetically  most  favourable  pathway  into  and  out  of  the  folded  conformation 
is  still  not  known,  but  it  probably  reflects  the  high  stability  of  the  BPTI 
conformation  ard  the  high  energy  required  to  distort  it.  Homologues  of  BPTI 
from  black  mamba  venom,  with  the  same  backbone  conformation  but  lower 
stabilities,  have  the  diract,  sequential  pathway  as  the  most  favourable. 

Conformational  forces  that  guide  the  disulphide  pathway  are  being 
investigated  by  the  effects  on  folding  of  altering  the  folding  conditions  and 
the  covalent  structure  of  the  protein,  and  by  determination  of  the 
conformational  properties  of  the  trapped  intermediates. 

The  kinetics  and  thermodynamics  of  disulphide  formation  provide  unique 
information  about  the  free  energies  of  the  various  steps  in  folding.  Since 
interactions  within  a  folded  protein  are  Intramolecular,  they  are  most  readily 
compared  to  intermolecular  interactions  (like  those  between  an  unfolded 
protein  and  Che  solvent)  by  the  effective  concentration  of  the  two  groups  wher 
intramolecular.  The  stabilities  of  the  disulphides  in  BPTI  Increase 
enormously  during  folding,  from  effective  concentrations  of  about  10  ^M  in 
reduced  BPTI  up  to  lO'M  in  the  folded  conformation.  This  results  from  the 
entroplc  effect  of  the  protein  conformation  bringing  the  Cys  residues  into 
proxlraicv.  ''r  turn,  those  disulphides  with  the  greatest  stability  provide 
the  greatest  stabilization  to  Che  folded  conformation.  These  considerations 
are  not  unique  to  the  disulphide  interaction,  and  the  concept  of  effective 
concentrations  is  useful  in  rationalizing  protein  conformational  stability. 
The  high  effective  concentrations  observed  in  folded  proteins  imply  that  net 
stability  is  provided  by  Intramolecular  hydrogen  bonds,  salt-bridges,  and  van 
der  Waals  interactions,  in  addition  to  the  hydrophobic  effect.  This  probably 
explains  why  proteins  decrease  in  stability  with  Increasing  temperature, 
whereas  the  hydrophobic  effect  alone  would  give  the  opposite  tendency. 
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Symposium  on  Folding,  Dynamics  and  Solvation  of  Macromolecules  (Part  1) 

NUCLEAR  MAGNETIC  RESONANCE  AND  DYNAMICS  OF  SPATIAL  PROTEIN  STRUCTURES 
K.  Wuthrich,  Institut  fur  Molekularbiologie  und  Biophysik,  Eidgenossische  Tech- 
nische  Hochschule-Honggerberg,  Zurich,  Switzerland. 

Protein  conformations  are  the  result  of  a  multitude  of  weak,  non-bonding 
interactions  between  different  atoms  of  the  polypeptide  chain  and  between  the 
polypeptide  and  the  surrounding  meditan.  The  latter  may,  for  example,  be  an 
aqueous  solvent,  ordered  lipids  in  biological  membranes,  or  the  crystal  lattice 
in  the  single  crystals  used  for  X-ray  studies.  With  the  thermal  energy  at 
ambient  temperatures  these  non-bonding  interactions  may  frequently  be  opened 
and  reformed.  In  contrast  to  typical  "inorganic"  solids,  where  the  individual 
atoms  are  covalently  linked  to  neighbouring  atoms  in  all  directions,  it  is  even 
possible  that  groups  of  weak  interactions  may  simultaneously  be  severed  and  re¬ 
formed,  thus  enabling  larger  scale  thermal  motions  in  proteins.  The  occurence 
of  "breathing  motions"  was  discussed  even  before  protein  spatial  structures 
could  be  determined  by  crystallographic  methods. 

In  recent  years  interest  in  protein  motility  was  revived  after  several 
different  methods  proved  capable  of  providing  characterizations  of  dynamic 
aspects  of  proteins  at  atomic  resolution.  One  of  these  techniques  is  nuclear 
magnetic  resonance  (NliR) .  Tv70  different  NMR  approaches  capable  of  leading  to  in¬ 
formation  on  dynamic  aspects  of  proteins  will  be  discussed.  The  first  approach 
consists  of  studies  of  intramolecular  rate  processes  in  proteins  at  thermodyna¬ 
mic  equilibrium.  This  includes  quantitative  measurements  of  ring  flip  frequen¬ 
cies,  amide  proton  exchange  rates  and  spin  relaxation  parameters.  Once  indivi¬ 
dual  resonance  assignments  have  been  obtained,  a  map  of  the  motility  along  the 
amino  acid  sequence  can  be  derived,  which  in  turn  provides  a  map  of  motility 
across  the  three-dimensional  structure.  This  will  be  illustrated  with  investi¬ 
gations  of  chemically  modified  analogs  of  the  basic  pancreatic  trypsin  inhibitor 
and  of  bull  seminal  inhibitor  IIA. 

The  second  approach  to  be  discussed  relates  to  another  consequence  of  the 
intrinsic  flexibility  of  proteins,  i.e.  that  the  conformation  can  readily  adapt 
to  different  environments.  Different  environments  corresponding  to  different 
equilibrium  conformations  can,  for  example,  be  provided  by  binding  of  substrates 
or  effectors  to  a  protein,  so  that  during  a  reaction  cycle  the  macroraolecular 
structure  may  be  constantly  in  the  process  of  rearrangement  towards  a  new  equi¬ 
librium  conformation.  Among  the  growing  number  of  protein  crystal  structures 
there  are  examples  of  different  conformations  for  different  functional  states  of 
the  same  protein,  which  are  related  by  movements  of  individual  functional  groups 
of  atoms  or  by  movements  of  entire  domains.  It  appears  of  considerable  interest 
that  such  studies  can  be  extended  to  non-crystalline  proteins  with  the  use  of  NMR. 

The  information  content  of  the  NHR  spectra  both  for  investigations  of  inter¬ 
nal  motions  in  proteins  and  for  structure  determination  depends  largely  on  the 
availability  of  sequence  specific  resonance  assignments.  A  brief  survey  of  the 
procedures  used  for  assigning  the  NMR  spectra  of  proteins  witli  two-dimensio¬ 
nal  correlated  spectroscopy  (COSY)  emd  two-dimensional  nuclear  Overhauser  enhance¬ 
ment  spectroscopy  (NOESY)  will  be  presented.  Our  strategy  for  NMR  determination 
of  the  spatial  structure  of  non-crystalline  proteins  relies  further  primarily  on 
measurements,  with  the  use  of  NOESY  spectra,  of  intramolecular  distance  con¬ 
straints  between  specified  hydrogen  atoms  along  the  polypeptide  chain.  For  the 
structural  analysis  of  these  data  a  distance  geometry  algorithm  is  used.  As  an 
illustration  of  the  potentialities  of  this  approach  for  studies  of  the  confor¬ 
mations  of  a  specified  polypeptide  chain  in  different  non-crystalline  environ¬ 
ments,  the  spatial  structures  of  the  polypeptide  hormone  glucagon  in  aqueous  so¬ 
lution  and  bound  in  the  lipid-water  interphase  near  the  surface  of  a  lipid  mi¬ 
celle  will  be  compared  with  the  conformation  observed  in  single  crystals. 
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Symposium  on  Image  Reconstruction 

QUANTITATIVE  STUDY  OF  MACROMOLECULAR  ASSEMBLIES  WITH  THE  AID  OF  CORRELATION 
ALIGNMNENT,  MULTIVARIATE  IMAGE  ANALYSIS,  AND  THREE-  DIMENSIONAL  RECONSTRUCTION. 

J.  Frank,  Center  for  Laboratories  and  Research,  New  York  State  Department  of 
Health,  Albany,  New  York,  USA. 

The  three-dimensional  (3-D)  reconstruction  of  the  30S  ribosomal  subunit  of 
E.coli  from  hundreds  of  views  /1-3/  and  the  unravelling  of  the  architecture  of 
the  Limulus  polyphemus  hemocyanin  molecule  /4-6/  are  examples  for  the  combined 
use  of  new  techniques  of  image  analysis  in  molecular  structure  research.  While 
the  analysis  of  crystals  imaged  in  the  electron  microscope  /7,8/  can  be  based  on 
the  assumptions  that  a  molecule  (or  group  of  molecules)  occurs  with  identical 
structure  and  identical  relative  spatial  arrangement  on  precisely  defined 
positions  of  a  regular  lattice,  the  analysis  of  single  molecules  is  complicated 
by  variations  in  structure,  and  by  the  fact  that  their  orientations  and 
positions  on  the  specimen  grid  are  unknown.  Correlation  functions  are  used  to 
bring  the  molecule  views  into  precise  superposition  79,10/  for  averaging. 

Due  to  different  surface  topologies  and  binding  characteristics  of 
macroraolecular  assemblies,  two  different  data  collection  situations  may  exist: 
In  the  electron  microscope,  we  may  observe  either  a  set  of  more  or  less  defined 
views  (such  as  the  cross,  cop,  bowtie,  ring,  and  pentagonal  views  of  the 
48-meric  Limulus  hemocyanin  molecule  76/),  or  a  continuum  of  views  (as  in  Che 
case  of  the  30S  subunit  of  the  E.coli  ribosome  71-3/).  Both  the  variability  of 
observed  structure  and  Che  variability  of  the  viewing  direction  (either  due  to 
small  movements  of  the  particle  around  an  essentially  stable  orientation,  or  to 
its  unimpeded  rotation)  make  it  necessary  to  group  the  images  according  to  their 
similarities.  Averaging  of  molecule  images  is  a  meaningful  procedure  only  if 
extended  over  a  subset  that  relates  to  the  same  orientation  of  the  molecule 
within  a  narrow  range.  Correspondence  analysis  has  been  found  very  useful  in 
achieving  the  grouping  of  molecule  views  without  the  aid  of  any  a  priori 
information  74,5,11,12/. 

Molecules  occurring  randomly  oriented  In  a  continuous  range  of  views  may  be 
sorted  Co  form  an  ordered  "tilt  series"  7137.  This  interesting  possibility  has 
been  recently  exploited  in  Che  3-D  reconstruction  of  Che  30S  ribosomal  subunit 
71-37.  Molecules  occurring  in  a  few  distinct  views  such  as  the  various 
dissociation  products  of  Che  Limulus  polyphemus  hemocyanin  may  reveal  3-D 
information  indirectly  through  their  rocking  behavior  74-67.  Additional 
information  (in  this  case,  the  shape  of  the  subunit  from  x-ray  work)  is  however 
required  to  obtain  an  unambiguous  model  of  the  structure.  Theoretically,  a 
single  high-angle  tilt  of  a  specimen  grid  containing  molecules  in  random 
(in-plane)  orientations  exhibiting  Che  same  view  provides  sufficient  information 
for  3-D  reconstruction  /14/.  Work  along  these  lines  is  continuing  in  our 
laboratory.  (This  work  was  supported  by  NIII  grant  iROl  GM29169) 
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THREE  DIMENSIONAL  RECONSTRUCTION  OF  SECTIONED  MATERIAL 

■R.A.  Crowther,  Medical  Research  Council  Laboratory  of  Molecular  Biology, 

Kills  Road,  Cambridge,  U.K. 

Reconstruction  from  serial  sections  is  a  well-established  technique  for 
analysis  of  cellular  structure.  The  depth  dlscrimation  achieved  is  limited 
by  the  thickness  of  each  section.  In  order  to  Improve  the  resolution  and 
retrieve  three  dimensional  information  about  structures  lying  within  the 
thickness  of  a  given  section,  more  powerful  methods  of  reconstruction  are 
needed.  In  general  three  dimensional  reconstruction  of  the  internal 
details  of  specimen  structure  within  a  plastic  section  requires  that  the 
section  be  tilted  in  the  electron  microscope  and  that  the  many  different 
views  so  obtained  be  combined  by  one  of  the  standard  methods  to  produce  a 
three  dimensional  map.  Such  an  analysis  is  made  difficult  by  the 
dimensional  instability  of  plastic  sections,  which  shrink  severely  in 
thickness  on  electron  irradiation. 

One  way  of  overcoming  the  difficulty  is  to  use  colloidal  gold  particles 
as  markers  of  the  two  section  surfaces.  Analysis  of  the  changes  in 

position  of  the  gold  particles  in  Images  of  the  tilted  section  by  a  least 
squares  fitting  procedure,  permits  estimation  of  the  alteration  in  section 
thickness  as  a  function  of  electron  dose.  If  it  is  assumed  that  the 
section  collapse  occurs  normal  to  the  plane  of  the  section,  it  is  possible 
to  correct  for  the  change  in  thickness  in  the  reconstruction  procedure. 

The  effect  of  the  collapse  is  that  the  tilt  angle  given  by  the  goniometer 
reading  on  the  microscope  over-estimates  the  effective  tilt  angle  of  the 
collapsed  section  relative  to  the  uncollasped  one.  Spatial  frequencies  in 
Che  image  of  the  tilted  collapsed  section  are  also  scaled  geometrically  by 
an  amount  depending  on  the  angle  of  view  and  the  degree  of  collapse. 

An  alternative  approach  for  periodic  specimens  is  to  use  a  single 
untilted  view  of  an  oblique  section,  in  which  the  various  parts  of  the  unit 
cell  concents  are  displayed  in  a  superimposed  form  at  different  points  of 
the  image.  If  the  thickness  of  the  oblique  section  were  small  compared 
with  the  size  of  details  in  the  specimen,  the  unit  cell  contents  would  be 
serially  displayed  and  an  adequate  reconstruction  could  be  made  by  simply 
restacking  successive  areas  of  the  image.  In  practice  the  section 
thickness  is  much  greater  than  the  size  of  features  one  would  like  to 
resolve  and  simple  restacklng  is  not  sufficient.  A  given  element  of 
density  within  the  unit  cell  will  contribute  to  a  set  of  image  points,  at 
each  of  which  its  density  will  be  added  to  those  of  a  varying  set  of 
neighbouring  points  that  are  contained  within  the  section.  The  situation 
can  be  described  mathematically  by  a  set  of  linear  projection  equations  or 
alternatively  considered  as  a  convolution  operation  in  which  the  density 
within  the  unit  cell  is  smeared  by  projection  through  the  section  thickness. 
Solution  of  the  projection  equations  or  equivalently  deconvolution  of  the 
smeared  densities  should  give  a  three  dimensional  image  superior  to  that 
produced  by  simple  restacklng.  The  degree  of  improvement  achievable 
depends  on  the  noise  level  in  the  image  but  computational  experiments 
indicate  that  a  factor  of  at  least  four  should  be  attainable.  Since  it 
uses  a  single  untilted  image,  the  method  is  not  directly  affected  by  the 
section  collapse. 
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STRUCTURE  OF  BACTERIOPHAGE  CONNECTORS. 

J.L.  Carrascosa.  Centro  de  Biologfa  Molecular  (CSIC-UAM).  Universidad  Autdnoma 
de  Madrid.  Canto  Blanco.  Madrid.  Spain. 

The  head  to  tail  connecting  region  of  complex  bacteriophages  plays  an  impor¬ 
tant  role  in  phage  assembly  and  DNA  encapsidation.  These  two  processes  seems  to 
be  related  to  one  structure  called  "connector"  that  is  build  by  several  copies 
of  one  polypeptide.  In  recent  years,  there  has  been  an  accumulation  of  genetic, 
biochemical  and  structural  information  on  the  connector-related  regions  of  bac¬ 
teriophages  T4,  lambda  and  029,  shovnng  striking  similarities  among  them  that 
suggest  a  close  relationship  structure-function  on  these  structures. 

We  have  studied  the  head  to  tail  connecting  region  of  bacteriophage  029. This 
is  a  small  but  complex  B.  subtil  is  phage  and  the  viral  particle  is  build  up  by 
only  six  structural  proteins.  The  neck  region  of  this  phage  was  purified  from 
assembled  virions  by  chemical  treatments.  These  necks  were  composed  by  two  pro¬ 
teins  (plO  and  pll).  Electron  microscopy  of  these  specimens  revealed  a  circular 
structure  (14  nm  in  diameter),  with  a  hole  in  the  center.  The  production  of  he¬ 
xagonal  two-dimensional  arrays  of  029  necks  allowed  to  process  their  electron 
micrographs  by  Fourier  filtering.  The  filtered  necks  were  further  enhanced  by 
rotational  analysis,  leading  to  a  final  image  that  revealed  an  external  region 
made  by  12  morphological  units,  and  an  inner  region  (with  6-fold  symmetry)  with 
a  hole  in  its  center  (1).  These  morphological  features  were  confirmed  by  the 
analysis  of  a  different  two  dimensional  aggregate  (tetragonal)  of  029  necks 
(Carazo,  Garcia,  Santisteban  and  Carrascosa,  submitted  for  publication).  At  this 
level  of  resolution,  the  connector-related  structures  studied  so  far  (besides 
phage  029)  as  the  one  of  phage  T4  (2)  and  phage  lambda  (3),  present  basically 
identical  morphology.  The  mapping  of  the  tv/o  structural  proteins  (plO  and  pll) 
in  the  029  neck  was  performed  by  tv/o  methods  :  a)  Mild  protease  treatment,  lead 
to  the  removal  of  a  fragment  of  plO,  leaving  pll  intact.  After  crystallization 
of  each  type  of  neck,  the  Fourier  filtered  images  from  the  control  and  protease- 
treated  necks  were  compared,  and  the  difference  was  located  at  the  12-folded  ex¬ 
ternal  region  (4).  b)  The  protein  plO  was  purified  from  E.  coli  harbouring  a 
plasmid  that  contained  the  gene  coding  for  this  protein.  Purified  plO  was  assem¬ 
bled  in  oligomers  that  looked  in  the  electron  microscope  similar  to  the  upper 
neck  of  029.  More  detailed  information  was  obtained  after  two-dimensional  crys¬ 
tallization  of  these  plO  oligomers  and  Fourier  and  rotational  filtering  of  their 
electron  micrographs.  Purified  plO  was  shown  to  be  assembled  in  a  circular  struc¬ 
ture  with  12  external  morphological  units,  identical  to  the  ones  observed  in  029 
extracted  necks  (Carrascosa,  Carazo,  Ibanez  and  Santisteban,  submitted  for  pu¬ 
blication). 

A  more  detailed  view  of  the  head  to  tail  connecting  region  of  this  phage  was 
obtained  by  three-dimensional  reconstruction  of  029  necks.  Hexagonal  two-dimen¬ 
sional  arrays  were  tilted  in  the  electron  microscope  and  the  different  projec¬ 
tions  were  combined  using  Fourier  methods  to  obtain  a  three-dimensional  structure 
to  2.2  nm  resolution  (Carazo,  Santisteban  and  Carrascosa,  submitted  for  publica¬ 
tion).  The  12  morphological  units  that  build  the  external  area  were  paired  to- 
v/ards  the  center,  leading  to  a  clear  rotation  of  the  subunits.  There  was  a  coni¬ 
cal  hole  inside,  that  was  almost  closed  near  the  interaction  place  between  plO 
and  pll.  The  inner  6-folded  region  is  the  one  that  must  interact  with  DNA  during 
the  process  of  encapsidation  (and  injection).  Further  studies  on  the  structure 
of  the  connector  and  its  relation  v/ith  other  protein(s)  are  presently  being 
carried  out  in  our  laboratory. 

1.  J.L.  Carrascosa,  E.  Vinuela,  N.  Garcia  and  A.  Santisteban  (1982).  J.  Mol. 

Biol.  IM,  311-324. 

2.  R.A.  Driedonks,  A.  Engel,  B.  Ten  Heggeler  and  R.  van  Driel  (1981).  J.  Mol. 

Biol.  IW,  641-662. 

3.  J.  Kochan,  J.L.  Carrascosa  and  H.  Murialdo.  J.  Mol.  Biol.,  in  press. 

4.  J.L.  Carrascosa,  J.M.  Carazo  and  N.  Garcia  (1983)  Virology  124,  133-143. 
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DISSIPATION  AGAINST  DISSIPATION  IN  MULTIENZYME  SYSTEMS 

E.E.  Sel'kov,  Institute  of  Biological  Physics,  the  USSR  Academy  of 

Sciences,  Pushchino,  USSR 

Some  multienzyme  systems  in  the  cell  metabolism  (CM)  depend 
critically  for  their  normal  operation  on  the  temporal  organisation 
of  the  incompatible  processes  involved  such  as  energy-dissipating 
futile  cycles  of  amphibolic  pathways  /I, 2/  or  catabolic  cycles 
(like  Krebs  cycle)  capable  of  complete  decomposing  of  anabolizable 
molecules.  The  required  temporal  organization  is  provided  by  the 
cell  clock.  In  an  evolutionary  sense,  the  cell  clock  must  be  as 
ancient  as  the  cell  itself  because  the  reproduction  of  cells  is 
impossible  without  the  clock.  Therefore,  the  cell  clock  must  be 
stoichiometric  in  nature.  At  the  same  time,  CM  contains  evolution- 
arily  younger  allosteric  regulations  which  stabilize  the  self¬ 
oscillations  generated  by  the  stoichiometric  cell  clock  and  render 
them  invariant  to  perturbations  in  the  environment  or  in  the 
structure  of  CM.  A  high  degree  of  invariance  is  attained  only  if 
the  stoichiometric  mechanism  and  the  related  network  of  allosteric 


regulations  contain  no  unique  (indispensable)  elements. 

By  theoretical  screening  of  the  numerous  types  of  self- 
oscillatory  stoichiometric  structures,  we  have  revealed  a  mechan¬ 


ism  (M)  which  is  universal  and  is  easy  to  _ 

recognize  in  any  specific  CM  of  pro-  or  »  t 

eucaryotes.  M  represents  a  sequence  of 

reactions  coupled  through  a  cofactor  which  B’’: — ;•  B  A 

has  two  forms,  A  and  B  (A+B=Aq  =  const).  Vs/  ♦  \  / 

Conversion  of  substrate  S  into  end  prod-  | 

ucts  P  and  P'  through  intermediates  12^,  E. 

l2/.../In  (n>l)  is  of  an  autocatalytic  nature  (the  crossed  arrows 
A-J-*-  and  B-<-*- denote  saturation  of  enzymes  E+  and  E_  with  the 
cofactors).  In  a  broad  range  of  parameter  values,  M  can  generate 


self-oscillations  with  periods  from  minutes  (reaction  Ij^-»-  P  is 
irreversible,  P'  =  const)  to  many  hours  (either  Ij^^  P  or  I^ji  P' 
is  possible) .  Mechanisms  of  the  type  of  M  can  be  identified  in 


different  branches  of  CM.  For  instance,  if  A=NADH  and  B=NAD,  M  is 


part  of  glycolysis  (E+=GAPDH,  E_=LDH  or  ADH+PDC,  S=GAP,  I^  - 
Pyruvate,  P=Lactate  or  Ethanol,  P'=Malate  or  other  species  related 
to  transamination  reactions)  or  of  oxidative  conversion  of  pyruvate 
(S)  to  glutamate  (P)  through  the  unclosed  Krebs  cycle.  In  different 
parts  of  CM,  B  stands  for  different  cofactors  (NAD(P)  ,  NAD(P)H, 

ATP,  CoA,  Acyl-CoA,  etc.).  Modifications  of  M  with  A=ATP,  B=ADP 
were  considered  in  /3,4/. 


The  allosteric  regulation  based  on  the  equilibrium  ligand  bind¬ 
ing  to  allosteric  enzymes  is  relatively  weak  because  the  normalized 
modulus  of  the  slope  of  the  regulatory  characteristics  |s|<n  (n 
being  the  number  of  binding  sites).  In  contrast,  the  mechanisms  of 
stoichiometric  regulation  can  provide  |sH“>.  This  high  sensit¬ 
ivity  is  achievable  in  M  and  also  in  the  stoichianetric  mechanisms 
of  chemical  modification  of  allosteric  enzymes  due  to  continuous 
energy  dissipation.  Thus,  minute  energy  dissipation,  which  is  the 
cost  paid  for  the  temporal  organization  of  incompatible  processes, 
prevents  much  greater  dissipation  in  CM. 

/!/  E.E.  Sel'kov,  Ber.  Bunsenges.  Phys.  Chem.  84,  1980,  399-402. 

/2/  A.  Boiteux,  B.  Hess,  E.E.  Sel'kov,  Curr.  Topics  Cell.  Reg.  17, 
1980,  171-203. 

/3/  E.E.  Sel'kov,  Eur.  J.  Biochem.  59,  1975,  151-157. 

/4/  J.G.  Reich,  E.E.  Sel'kov.  The  Cell  Energy  Metabolism.  Acad. 
Press,  London,  1981. 
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GENERATION  AND  REGULATION  OF  BIOLOGICAL  PATTERNS  AND  THEIR  ROLE 
IN  NEURAL  CONNECTIONS 

A.  Gierer,  Max-Planck-Institut  fiir  Entwicklungsbiologie , 

Tubingen,  West  Germany. 

Spatial  order  in  organisms  results,  in  part,  from  the  develop¬ 
ment  of  different  substructures  within  originally  near-uniform 
cells,  and  cell  sheets.  Probably,  the  primary  event  is  the  forma¬ 
tion  of  spatial  concentration  patterns.  They  can  be  generated  by 
autocatalytic  reactions  of  short  range,  coupled  to  inhibition  or 
depletion  effects  of  wider  range.  These  conditions  are  mathemati¬ 
cally  necessary  for  the  simplest  case  of  two  coupled  reactions  with 
diffusion,  but  they  apply  also  to  more  complex  schemes.  Patterns 
produced  in  this  way  account  for  an  impressive  list  of  self-regu¬ 
latory  properties  empirically  observed  in  developmental  biology, 
such  as  induction,  inhibition,  regular  spacing,  symmetry  changes 
and  proportion  regulation. 

Visible  structures  result  from  the  response  of  cells  to  such 
primary  patterns,  e.g.  by  cell  differentiation  and  changes  of  cell 
shapes.  In  embryology,  structures  can  often  be  traced  back  to  local 
evagination  or  invagination  of  a  subarea  within  nearly  flat  cell 
sheets.  It  is  likely  that  this  is  caused  by  local  changes  of  cell 
shapes  involving  both  membrane  components  and  internal  cytoarchi- 
tecture.  Changes  may  result  from  activation  of  a  subarea  of  the 
cell  sheet  interfering  with  cellular  components.  Bending  moments 
and  curvature  are  generated,  independent  of  details  of  the  mecha¬ 
nism  if  cell  form  corresponds  to  a  stable  steady  state  and  if  the 
sheet  of  cells  is  asymmetric  with  respect  to  the  inside-  outside- 
dimension  of  the  tissue.  Such  asymmetry  is  characteristic  for  epi¬ 
thelial  cell  sheets. 

Of  particular  interest  is  the  role  of  spatial  concentration 
patterns  in  the  generation  of  ordered  neural  connections  as  they 
occur,  for  instance,  in  the  projection  of  retinal  axons  onto  the 
tectum.  While  several  mechanisms  are  likely  to  contribute  to  pro¬ 
jections,  experimental  evidence  suggests  that  directional  cues  on 
the  tectum  encoded  in  graded  distributions  of  spatial  markers  are 
essential  for  the  primary  projection.  Guidance  may  be  caused  di¬ 
rectly  by  forces  of  adhesion  between  axons  and  target  tissue.  This 
however,  is  only  one  out  of  many  possibilities  for  directional 
guidance.  Generally,  any  graded  cue  (whether  related  to  adhesion  or 
not),  however  slight,  may  be  enhanced  by  metabolic  processes  in¬ 
volving  autocatalysis  within  the  growth  cone  of  the  axon,  leading 
to  directional  outgrowth.  For  the  generation  of  a  projection  by 
gradients,  for  each  dimension,  two  antagonistic  graded  effects  are 
mathematically  required  on  the  target  and  at  least  one  on  the 
tissue  of  axonal  origin.  While  such  mechanisms  are  postulated  to  be 
involved  in  the  primary  projection,  there  are  also  other  effects 
such  as  direct  or  indirect  fiber-fiber  interaction,  especially  at 
later  stages. 
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PATTERN  SELECTION  IN  RE.'VCTION  DIFFUSION  SYSTEMS. 

D.WALGRi\EF  ,  Service  de  Chitnie-Physique  2,  Universite  Libre  de  Bruxelles,  CP  231 
B-1050  Bruxelles,  Belgium. 


Abstract. 

The  spontaneous  appearance  of  spatial  structures  far  from  thermal  equilibrium  has 
long  been  a  puzzling  phenomenon  both  from  the  experimental  point  of  view  and  from 
the  theoretical  point  of  view.  Numerous  questions  related  to  pattern  selection 
in  physical,  chemical  and  biological  systems  remain  still  unanswered.  As  reaction 
diffusion  equations  have  been  widely  invoked  to  play  an  essential  role  in  mor¬ 
phogenesis,  differentiation,  wave  generation  or  cooperative  locomotion  in  various 
biological  systems,  important  aspects  of  this  description  which  is  based  on  the 
competition  between  chemical  or  biologica’  reactions  and  active  transport  or 
spatial  diffusion  are  reviewed.  The  interplay  between  linear  and  nonlinear 
contributions  induces  pattern  selection  mechanisms  as  well  as  phase  singularities 
leading  to  long  range  desynchronisation  fluctuations. 

In  the  case  of  stationary  spatial  patterns,  different  planforms  may  be  selected 
owing  to  the  structure  of  the  nonlinearities  of  the  dynamics.  Fortunately  the 
remaining  orientational  degeneracy  is  usually  removed  in  small  isotropic  systems 
by  the  effects  of  lateral  walls.  In  large  systems  however  the  phase  variable 
associated  to  the  position  and  orientation  of  the  structure  obeys  a  diffusive 
dynamics.  Singularities  of  the  phase  may  appear  spontaneously  and  induce  topolo¬ 
gical  defects  and  irregularities  able  to  destroy  any  long  range  order  in  low 
dimensional  systems  by  inducing  an  algebraic  or  even  exponential  decay  of  the 
spatial  correlation  function  of  the  variable  playing  the  role  of  order  parameter 
in  the  system. 

In  the  case  of  temporal  oscillations,  the  phase  dynamics  is  given  by  the  Burgers 
equation: 

Hence  phase  fluctuations  may  lead  to  concentric  or  spiral  autowaves  of  activity 
in  the  medium.  Their  statistics  are  very  different  and  spiral  waves  are  able 
to  desynchronize  the  oscillations  in  large  low  dimensional  systems  in  agreement 
with  experimental  observations  either  in  chemical  and  biological  or  physiologi¬ 
cal  systems. 
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THE  FRACTURE  BEHAVIOUR  OF  COOKED  HEAT 

P.P.  Pur«low,  AFRC  iteat  Research  Institute,  Langford, 

Bristol,  BS18  ?Dy,  UK 

Slnplo  tensile  tests  have  been  used  to  investigate  the 
basic* fracture  properties  of  cooked  neat  and  to  relate  these 
to  its  structure.  Observations  on  the  Banner  in  mhleh  this 
coaplex  satcrlal  fractured  shoved  that,  In  a  variety  of  test 
configurations,  rupture  started  in  the  perloyslal  connective 
tissue,  resulting  initially  in  the  separation  of  intact 
ausele  fibre  bundles.  The  tneslle  strength  along  and 
across  the  fibre  direction  was  Be^sured  and  anisotropy  in 
strength  betveen  these  two  directions  vas  found  to  account 
for  the  Qualitative  fracture  behaviour  of  cooked  seat.  The 
basis  of  a  fracture  sechanics  approach  to  seat  fracture  is 
outlined.  An  energy-based  Bcaaure  of  toughness  <vork  of 
fracture)  and  stress-concentration  considerations  (notch 
sensltivit})  are  described.  Vork  of  fracture  through  the 
periaysiua  vas  found  to  be  low  in  absolute  tcras  <0.4  - 
1.8  kda**).  The  difficulty  in  propagating  fracture  in  seat 
across  the  fibre  direction  is  explained  on  the  basis  of  the 
aaterial's  cosplete  notch-insensitivity.  These  results 
isply  that  the  auscH  fibre  bundle  is  an  laportant  level  of 
structural  organisation  in  relation  to  seat  fracture.  The 
qualitative  aspects  of  fracture  behaviour  are  accounted  for 
by  a  Bodel  of  cooked  acat  as  a  uniaxial  fibrous  coeposite  of 
strong  fibre  bundles  in  a  weak  connective  tissue  “aatrlx" 
with  poor  interfacial  strength  between  the  two  cospenents. 


CHOCOLATE  CRYSTALLISATION  -  MOLECULAR  THEORY  AND  PRODUCTION 
PRACTICE 

G.O.  Jewell,  Cadbury  Schweppes  PLC,  Lord  Zuckerrnan  Research 
CentreTTiRe  University,  Vlhiteknights,  Reading  RG6  2LA,  UK. 

Chocolate  is  a  cotnplex  confection  in  which  the  principal 
fat  1$  cocoa  butter,  but  it  nay  also  contain  nitk  fat, 
vegetable  fat  and  lecithins.  These  fats  all  exhibit 
complex  polynorphic  behaviour,  and  so  it  is  by  understanding 
and  controlling  the  polytncrphisn  tnat  the  tnanufacturer 
achieves  the  optirajn  rheological  properties  (ieportant 
processing)  and  ultimate  texture  and  stability  of 
his  producAi.  The  critical  factors  are  du^^tity,  size 
and  polymorphic  form  of  the  fat  crystals  and  these  can  be 
studied  using  x-ray  diffraction,  differential  scanning 
calorimetry,  electron  raicroscepy  and  wide  line  hMR.  By 
;  combining  these  physical  chenistry  measurements  with  a 

,  precise  knowledge  of  glyceride  cooposition,  it  is  possible 

,  to  begin  to  explain  the  polymorphic  behaviour  at  the 

molecular  level  in  terms  of  crystal  packing.  It  1$ 

]  evident  that  the  «Min  factors  controlling  cocoa  butter 

crystallisation  are  the  cis  oleic  acid  in  the  2  position 
and  presence  of  predominantly  C16  and  CIS  fatty  acids. 

The  introduction  of  fats  with  either  significantly 
.  different  chain  lengths  or  trans  isomers  leads  to 

eutectic  mixtures  and  possible  phase  separation.  Such 
information  enables  the  manufacturer  to  select  recipes 
I  and  design  processes  for  crystallisation  (solidification) 

1  which  ensure  effective  production  and  high  quality  products. 


CCtCIINUTEO  HEAT  SYSTEMS 

A-H.  Heraansson,  SIK  -  The  Swedish  Food  Institute, 
(ijtKenburg,  Sweden. 

During  cominution  structural  components  are  released 
from  the  muscle  and  fat  tissues,  and  the  structure  formed  on 
comminution  and  subsequent  heating  varies  depending  on  pro* 
cessing  and  environmental  conditions.  The  relationships 
between  the  microstructure  and  physical  properties  such  as 
fat-  and  water*holding  will  be  discussed  with  regard  to 
structural  changes  of  the  myonbriltar  proteins,  collagen, 
and  the  dispersed  fat  phase  at  various  stages  of  cominution 
before  and  aft^'r  heat  treatment.  At  low  degrees  of  comminu¬ 
tion  swelling  of  oyofibrils  contributes  to  the  water-binding 
properties.  At  high  decrees  of  cominution  and  in  the  pre¬ 
sence  of  2-4%  sodiua  chloride  the  myofibrils  disintegrate 
and  the  ability  of  cayofibrillar  proteins  and  collagen  to 
fora  a  continuous  gel  network  on  heating  is  of  oajor  import¬ 
ance  for  properties  such  as  texture,  fat  and  water-binding. 
In  highly  cocrainuted  meat  systcas  the  state  of  the  dispersed 
collagen  plays  a  tnore  active  role  than  previously  believed. 
The  stability  of  the  dispersed  fat  phase  depends  on  several 
factors  such  as  the  properties  of  the  continuous  matrix,  the 
dispersed  fat,  as  well  as  on  the  surrounding  wall  or  other 
types  of  interfaclal  layers  and  on  the  particle  size  distri¬ 
bution  of  the  dispersed  fat  phase.  The  oicrostructure  has 
been  evaluated  by  means  of  various  types  of  light  microscopy, 
scanni.ig  and  transmission  electron  microscopy. 


STRUCTURE  A.NO  FAILURE  IN  AERATED  CAKES 

A.6.  Naylor  and  H.d.  Hale,  Unilever  Research,  Colworth 

Laboratory.  Sharnbrook,  Bedford. 

The  formation  of  a  domed  top  to  aerated  cakes  is  prefer¬ 
red  since  the  top  can  be  pressed  down  without  changing  the 
texture  of  the  cake  significantly.  In  contrast,  a  concave 
top  cannot  be  lifted  and  the  texture  is  usually  unacceptable 
as  it  is  more  dense  and  has  a  less  porous  structure  than  a 
cake  which  is  domed  or  flat. 

Experiments  have  been  performed  to  determine  the  causes 
and  methods  of  prevention  of  the  collapse  of  aerated  cake 
structures  on  cooling,  and  the  development  of  a  physical 
model  to  explain  the  formation,  structure  and  properties  of 
aerated  cakes. 

Three  standard  formulations  of  cake  batter  were  used: 

(1)  A  standard  comercial  formulation,  containing  60%  flour 
and  40%  starch,  which  usually  produced  cakes  which  did  not 
collapse  too  much  on  cooling;  (2)  A  100%  flour  formulation, 
which  collapsed  every  time  on  cooling;  (3)  A  100%  starch 
foraulation.  which  did  not  collapse  too  ouch  on  cooling. 

The  baking  process  itself  was  examined  by  visualisation 
techniques  to  determine  the  behaviour  of  the  different  batt¬ 
ers.  and  to  observe  the  formation  of  the  cake  structure.  The 
batters  themselves  were  characterised  in  terns  of  surface 
tension  and  viscosity  as  a  function  of  temperature.  The 
structure  of  the  cake  was  examined  by  various  techniques,  eg 
stereo  microscopy,  X-ray  photography  and  percea.metry.  Models 
of  its  structure  were  derived  based  on  network  structure  as 
used  in  structural  engineering  and  foamed  structures  as  found 
in  foam  rubbers. 


DOBOH  DEVELOPMENT  AND  THE  STRUCTURE  OF  BREAD 

P.J.  Frasltr.  Dalgecy  U.K.  Llaiced,  Croup  Research  Lab.. 

Research  &  Technology  Centre,  Station  Rd.,  CuBbrldge,  U.K. 

Although  eoaprislng  only  10-12X  by  weight  of  wheat 
flour,  the  unique,  vl8co-«lastic.  gluten-fortiing  proteins 
are  fundaeental  to  the  structure  of  bread.  Developoent  of  a 
continuous  aatrix  of  protein,  capable  of  holding  leavening 
gases  and  carrying  all  the  embedded  starch  granules,  is 
dependent  on  hydration  and  aixlng  of  the  flour  followed  by  a 
period  of  tiee  for  'oaturatlon*  of  the  dough.  In 
traditional  processes  ideal  bread  struturc  is  achieved  after 
a  long  <20  Bin)  slow-specd  mix  '.ollowed  by  a  lengthy  (3  h> 
bulk  fertsentation  before  proviig  and  baking.  Modern  aethods 
such  as  the  Chorleyvood  Bread  Process  depend  on  a  short  (2*4 
Bin)  high*speed  nix,  during  which  a  eeasured  quantity  of 
energy  is  expended  on  the  dough,  effectively  replacing  the 
oaturatlon  stage,  followed  only  by  proving  and  baking* 
Recently,  using  rheological  techniques,  the  interactions 
between  tvehanical  work,  chealcal  oxidants  and  entyses 
(*laprovcrs')  have  becoae  better  understood.  Specific 
exasples  of  ascorbic  acid,  acodtcarbonaolde  and  lipoxygenase 
vlU  be  discussed,  and  it  is  now  possible  to  optlnise  the 
process  for  flours  of  widely  differing  quality  or 
'strength*.  Having  developed  the  dough,  the  foraation  of  an 
aerated  cruab  structure  Is  dependent  on  entrained  air  and 
generation  of  gas  by  yeast.  Finally,  during  baking,  the 
protein  is  denatured  but  re^^ains  cohesive  strength  and  sose 
elasticity,  and  the  starch  gelatinises,  rapidly  Increasing 
dough  viscosity  and  setting  the  whole  bread  structure. 
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■mQssbauer  data,  i^)w-temperature  specific  heats  ahd  the  giass- 

LIKE  DYNAMICAL  MODEL  OP  BIOPOLYMERS. 

V. I iGoldanskii,  Institute  of  Chemical  Physics,  Kosygin  Street, 

^  "  4,  Moscow,  117334i  USSR. 

Analysis  c£  dynamical  properties  of  biopolymers  leads  to  the 
conclusion  that  they  possess  pectaliar  combination  of  properties 
of  crystals  and- glasses.  Using  as  the  main  characteristick  of 
substance  the  presence  (+)  or  absence  (r)  of  the  ordering  (i.ei 
definiteness  of  the  structure )i  periodicity  and  geometrical  uni¬ 
queness  of  the- ground  state i  i.e.  describing  the  Ideal  crystals 
as  (+++)  and  glasses  as  ( — -)j  one  can  conclude  that  the  biopoly¬ 
mers  which  were  treated  formerly  as  (+-+)  (aperiodic  crystals) 
would  after  the  revealing  of  quasi-degenerated  conformational 
states  (QDCS)  by’the  I-ray  dynamical  analysis  of  protein  crystals 
(Prauenf elder,  D.Phlllips)  rather  be  denoted  as  (+— ). 

Mossbauer  absoiption  spectroscopy  is  widely  used  for  the 
studies  of  dynamical  properties  of  biopolymers  since  the  esperi- 
ments  with  Pe-labelled  HSA  and  model  Pe-S  proteins  performed  in 
the- Institute  of  Chemical  Physics  (Doklady  AIT  SSSR,  212,  (1), 
165-168,  1973).  Characteristic  peculiarities  of  MossFauer  absolu¬ 
tion  spectra  studied’ by  various  groups  for  crystalline  met-Mb  and 
deoxy-Mb  and  for  met-Mb  in  solutions  at  4-300  K  (abrupt  strengths' 
hing  of  f*'(T)  dependence  at  T  ^  200  K,  appearence  of  broad  and 
narrow  components  of  spectral  lines)  confirm  the  existence  of 
QDCS  and  of  the  transi-tions  between  these  states. 

Temperature  dependence  ot  the  fraction  of  elastic 

Rayleigh  scattering  of  Mossbauer  radiation  (RSMR)  fj^  for  cry¬ 


stals  and  hydrated  sanples  of  met-Mb,  hydrated  trypsin,  HSA,  and 
DNA  is  characterized  by  abrupt  strengthening  at  T  200  K  for 
the  weight  content  of  water  h  ^  0,3. 

Hydration  isotherm'  at  room  tenperature  demonstrates  sharp 


decrease  of  fp(h)  at  h  >  0,1.  The  overall  value  for  men¬ 
tioned  biopolymers  at  h5Jl(300  K)  is  close  to  1 


Thus  the  RSMR  data  illustrate  the  existence  of  QDCS  also  in 


the  hydrated  sanples  of  biopolymers*  Increasing  degree  of  hydra¬ 
tion  leads  to  the  ordering  of  biopolymers  (due  to  the  l^drophobio 
interactions)  i.e.  to  the  definiteness  of  -the  structure  and  to 


the  sharp  rise  of  the  number  of  QDCS  (due  to  the  weakening  of 
intramoleculai.'  hydrogen  bonds). 

The  strong  effect  of  the  viscous  solvent  on  the  protein  dy¬ 
namics  is  observed  by  the  example  of  HSA  in  water-glycerol  solu¬ 
tion.  Obtained  data  give  the  argument  that  glycerol  influences 
the  protein  dynamics  through  the  decrease  of  preferential  hydra¬ 
tion  of  a  protein  (and,  corresponding  decrease  o£  QDCS  number) 
rather  than  through  the  increase" of  solvent  viscosity  by  itself. 

Analysis  of  data  on  the  low-temperature  specific  heat  of 
poly-L-alanine,  polyglycine,  dehydrated  collagen  and  DNA  mani¬ 
fests  the  considerable  contribution  of  linear  C,^T  term  bound  to 


the  transitions  between  QDCS  via  the  phonon-assisted  tunneling 
(Anderson-V/.Phillips  dynamical  model  of  glasses). 

Totality  of  data  on  low-temperature  specific  heats  and  RSMR 
brings  the  evidence  that  the  transitions  between  the  QDCS  proceed 
not  only  as  thermally  activated  but  also  as  tunneling  processes 
and  that  the  substantial  role  of  tunneling  maintains  even  at 
room  tenperature. 
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DYNAMICS  OF  MACROMOLECULES 

M.  Karplus,  Deparcmenc  of  Chemistry,  Harvard  University,  Cambridge,  Massachusetts 
USA. 

Molecular  and  harmonic  dynamics  of  macromolecules  are  providing  insights 
into  their  internal  motions.  Some  results  of  dynamical  studies  will  be  pre¬ 
sented  and  the  relation  between  motion  and  function  will  be  discussed. 
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STABILIZATION  OF  THE  BrHELICAL  DNA  STRUCTURE  BY  BINDING  WITHIN  THE  MINOR  GROOVE 

OF  WATER,  CATIONS,  OR  THE  ANTITUMOR  ANTIBIOTIC  NETROPSIN 
Mary  L.  Kopka,  Philip  Pjura,  Chun  Yoon,  David  Goodsell  and  Richard  E.  Dickerson 
Molecular  Biology  Institute,  University  of  California  at  Los  Angeles, 

Los  Angeles,  California,  USA 

In  the  x-ray  crystal  structure  analysis  of  the  B-helical  DNA  dodecamer  of 
sequence -CGCGAATTCGCG,  an  ordered  spine  of  hydration  extends  down  the  minor 
groove  in  the  A-T-containing  center  of  the  molecule  (Figure  1).  A  first  layer 
of  water  molecules  bridges  adenine  N3  and  thymine  02  atoms  from  adjacent  base 
pairs  on  opposite  strands  of  the  double  helix.  The  bases  so  bridged  are  those 
that  are  brought  into  closer  proximity  by  the  rotation  of  the  helix.  These 
first  layer  waters  in  turn  are  bridged  by  second-layer  waters,  giving  them  a 
local  tetrahedral  environment.  This  spine  of  hydration  is  disrupted  in  the 
G*C-containing  ends  of  the  dodecamer  because  of  steric  clash  with  the  protru¬ 
ding  -NH2  groups  of  guanines.  The  spine  of  hydration  is  believed  to  play  a 
major  rofe  in  stabilizing  the  B  helix  relative  to  the  A  under  high  humidity 
conditions.  No  equivalent  ordered  water  structure  is  observed  elsewhere  around 
the  B  helix,  or  anywhere  in  crystal  structure  analyses  of  the  A  form. 

Skuratovskii  and  coworkers  have  observed  in  fibers  o|  B-form  DNA  under  high 
salt  conditions  that  large  monovalent  cations  such  as  Cs  can  replace  the  spine 
of  hydration  with  a  spine  of  cations.  This  may  explain  the  requirement  of  low 
salt  for  the  drying- induced  B-to-A  transition  in  fibers:  cations  replace  the 
spine  of  hydration  upon  drying,  and  continue  to  stabilize  the  B  form. 

In  the  x-ray  crystal  structure  analysis  of  CGCGAATTCGCG  co-crystal li zed 
with  the  antitumor  drug  netropsin,  the  drug  molecule  is  observed  to  sit  in  the 
minor  groove  and  displace  the  spine  of  hydration  (Figure  2).  Amide  NH 
groups  bridge  the  same  bases  as  are  bridged  by  the  water  spine,  and  the  two 
cationic  ends  of  the  drug  also  interact  with  the  bottom  of  the  groove.  The 
cytotoxic  effect  of  netropsin  presumably  arises  because  it  "glues"  the 
B-DNA  minor  groove  shut,  preventing  both  transcription  and  translation. 

Figure  1.  View  into 
minor  groove  of  the 
central  six  base 
pairs  of  the  B-DNA 
helix  of  sequence: 
CGCGAATTCGCG,  with 
the  spine  of  hydra¬ 
tion.  (Water  oxygens 
as  crossed  spheres.) 
Waters  bridge  A  and 
T  bases  on  opposite 
chains  at  adjacent 
base  pairs. 

Figure  2.  Identical 
view  into  the  minor 
groove  of  the  complex 
of  netropsin  with  the 
same  dodecamer  DNA. 
Netropsin  NH  bridge 
A  and  T  bases  as 
above.  In  both  cases 
G  is  incompatible 
with  binding  because 
of  the  bulk  of  the  N2 
amine  group  in  the 
minor  groove. 
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RELATIONSHIP  BETWEEN  THE  STRUCTURE  AND  FUNCTION  OF  PHOTOSYNTHETIC  MEMBRANES 
J.  Barber,  AFRC  Photosynthesis  Research  Group,  Department -of  Pure  and  Applied 
Biology,  Imperial  College,  London,,  U.K. 

The  pigments  and  associated  electron  carriers  of  photosynthetic  organisms  are 
contained  within  the  chloroplast  thylakoid  membranes  of  higher  plants  and  algae 
of  the  chroma tophore  membranes  of  bacteria.  In  the  former  case  there  are  two 
types  of  photochemical  reaction  centres,  photosystem  one  (PSD  and  two  (PS2)which 
act  in  series  -to  extract  electrons  and  protons  from  H2O  and  pass  them  to  NADP+ 
while  at  the  same  time  producing  ATP-  and:-  molecular  O2 .  In  bacterial  chromato  - 
phores  there  is -only  one  type  of  reaction  centre- which  when  photoactivated  does 
not  have  enough  potential  to  oxidise  H2O  but  instead  uses  substrates  such  as  or¬ 
ganic  acids  and  K2S  for  their  electron/proton  supply.  In  both  types  of  organisms, 
the  photoproduction,  of  NADPH  or  NADH  and  ATP  is  required  for  carbon  fixation  and 
net  generation  of  organic  molecules.  However  in  the  case  of  bacteria  the  mecha¬ 
nism  of  producing  NADH  varies  although  in  all  cases  ATP  is-  synthesised  directly 
as  a  result  of  light  induced  electron  flow.  This-  ATP  generating  process  involves 
the  cooperation  of  four  major  intrinsic  membrane  protein  complexes;  the  reaction 
centre,  the  light  harvesting  system  containing  many  tens  of  pigment  molecules, 
the  cytochrome  b-a  complex  and  an  ATP-synthetase.  The  precise  nature  of  these 
complexes,  the  associated  dehydrogenase  and  the  way  they  interact  varies  between 
species .  In  O2  evolving  organisms  five,  major  protein  complexes  can  be  identified; 
the  chlorophyll  a/chlofophyll  b  light  harvesting  system  (LHC)  of  higher  plants 
and  green  algae  or  the  phycobilisomes  (PB)  of  red- algae  and  cyanobacteria,  the 
PSl  reaction  centre  core,  the  PS2  reaction  centre  core,  the  cytochrome  b^f  comp¬ 
lex  and  an  ATP-synthetase.  Despite  the  difference  betwee.>  the  various  classes  of 
organisms  there  is  a  remarkable  functional  and  structura-i  homology  :between  the 
various  complexes,  a  conclusion  which  also  engulfs  the  comparative  complexes 
involved'  in  bacterial  and  mitochondrial  respiration. 

In  the  case  of  higher  plant  chloroplasts,  mechanical  fragmentation  and  con¬ 
siderations  of  surface  electrical  properties  have  indicated'  that  there  is  consid¬ 
erable  lateral  separation  of  the  intrinsic  complexes  along  the  plane  of  the  thyl¬ 
akoid  memorane.  From  these  studies  it  has  been  concluded  that  under  normal  con¬ 
ditions,  the  PS2  and  LHC  complexes  are  mainly  localised  in  appressed  lamellae 
regions  of  the  grana  stacks  while  the  PSl  and  ATP-synthetase  complexes  are  locat¬ 
ed  in  the  non-appressed  membranes  which  constitute  the  end  granal  and  stromal 
lamellae.  The  position  of  the  cytochrome  complex  is  uncertain  but  may  be 
restricted  to  an  interface  region  between  tlie  appressed  and  non-appressed  memb¬ 
ranes.  There  is  no  evidence  at  present  to  suggest  that  lateral  separation  com¬ 
parable  with  the  higher  plant  chloroplast  exists  in  bacterial  membranes  or  in 
the  membranes  of  red-algae  and  cyanobacteria.  In  the  case  of  higher  plants  there 
seems  also  to  be  a  partial  lateral  heterogeneity  in  lipid'  composition  with  the 
appressed  lamellae  having  higher  levels  of  anionic  and  monogalactosyl  lipids. 
However,  no  significant  difference  has  been  found  in  the  fatty  acid  content  of 
appressed  and  non-appressed  membranes  even  though  fluorescence  anisotropy  meas¬ 
urements  using  the  hydrophobic  probe,  diphenylhexatriene  (DPH),  showed  that  the 
former  membranes  were  less  fluid  than  the  latter.  It  is  suggested  that  the  diff¬ 
erent  fluidity  properties  in  the  two  regions  are  due  to  differences  in  protein 
to  lipid  ratios,  a  conclusion  supported  by  studies  with  reconstituted  systems. 
These  various  findings  are  pertinent  to  discussions  concerning  the  lateral  move¬ 
ment  of  plastoquinone  (PQ)  as  a  redoj:  carrier  between  PS2  and  cytochrome  bg-f 
and  also  for  understanding  the  molecular  mechanism  of  the  State  1 -State  2  phenom¬ 
enon.  The  latter  process  regulates  energy  distribution  between  P.S2  and  PSl  and 
involves  the  phosphorylation  of  the  LHC  surface.  It  \s  proposed  that  (PQ)  diffus¬ 
ion  is  rapid  along  the  mid-plane  of  the  lipid  bilayer  and  that  in  the  case  of  the 
State  1-State  2  phenomenon,  the  addition  of  electrical  charges  introduced  onto 
the  LHC  surface  by  phosphorylation  induces  lateral  migration  of  the  complex  from 
the  appressed  to  the  non-appressed  region.  With  isolated  thylakoids  the  extent  of 
the  pigment-protein  movement  is  dependent  on  the  cation  level  in  the  suspending 
medium  in  a  way  expected  for  a  process  under  electrostatic  control. 


181 


thufsdaY02AMgust  Council  House-Conference  Hall  09.30-12.30 

Symposium  on  Photosynthesis 


EXCITED  STATES  AND  ELECTRON  TRANSFER  IN  PHOTOSYNTHETIC  BACTERIAL  REACTION 
CENTERS 

V).  H.  Parson,  Department  of  Biochemistry,  University  of  Washington,  Seattle, 
Washihgton''98195 

Photochemical  "reaction  centers"  have  been  purified  from  several  species  of 
pliotosynthetic  bacteria.  The  pigment-protein  complexes  isolated  from  purple 
bacteria  typically  contain  3  polypeptides,  4  molecules  of  bacteriochlorophyll 
(BChl-),  2  molecules  of  bactefiopheophytin  (BRh),  2  qui hones  (Q),  and  1  nbnheme 
Fe.  (BPh  is  BChl  with  ,2  H  in  the  center  instead  of  Mg.)  Two  of  the  4  BChls 
appear  to  form  a  "special  pair"  (P),  which  has  an  intense  absorption  band  in  the 
near  infrared.  Although  various  explanations  have  been  offered  for  the  inten¬ 
sity,  position,  and  large  circular  dichroism  of  this  band,  these  features  can  be 
attributed  reasonably  to  exciton  interactions  between  the  two  BChls,  provided 
that  one  considers  interactions  between  both  degenerate  and  nondegenerate 
excited  states  of  the  two  molecules. 

When  P  is  excited,  it  transfers  an  electron  to  another  molecule  within  a  few 
picoseconds.  Measurements  of  the  optical  absorbance  changes  that  occur  after 
excitation  under  various  conditions  suggest  that  the  sequence  of  electron- 
transfer  steps  is: 

P  -!5^>  'P* - >  ‘[P'^BChl"]  P--  >  ‘■[P’^BPh"]  — -^P-->  pV 

The  interactions  of  P^  with  BChl"  appear  to  be  many  orders  of  magnitude  stronger 
than  Its  interactions  with  BPh"  or  Q".  The  chain  of  electron  acceptors  provides 
a  reasonable  explanation  for  the  remarkable  efficiency  of  the  photosynthetic 
apparatus.  Back- reactions  beteeen  and  the  reduced  electron  acceptor  will 
decrease  abruptly  as  the  electron  moves  from  one  acceptor  to  the  next,  because 
of  the  decreasing  orbital  overlap  between  the  two  radicals. 

If  electron  transfer  from  BPh"  to  Q  is  blocked,  *[P’*'BPh"]  lives  for  about 
10  ns,  before  it  decays  by  other  pathways.  Under  these  conditions,  back-reac¬ 
tions  can  regenerate  P*,  leading  to  delayed  fluorescence.  Measurements  of  the 
amplitude  of  the  fluorescence  provide  information  on  the  free  energy  gap  between 
P*  and  '[P'*'BPh~].  The  decay  kinetics  of  the  fluorescence  suggest  that  ‘[P^BPh~] 
undergoes  a  series  of  relaxations  on  the  time  scale  of  0.5  to  5  ns.  The  relax¬ 
ations  could  result  from  nuclear  movements  in  the  electron  carriers  or  the 
protein. 
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ElHCTROCHEIIICAL  events  at  THYLAKOin  MEIIBRANES 

Vi.JUNGE,  Siophysik,  Fachbereich  Biologie/Cheiiiie,  Universitaet  Osnabrueck 
OsnabruiiCk,  Germany  (FR6). 

Liglit  driven  electron  transport  in  chloropTasts  of  green  plants  produces 
reducing  pov/er  and,  in  addition,  it  electrochemically  charges  the  thylakoid 
menbrane.  Approximately  25«  of  the  total  useful  work  flows  via  the  proton  motive 
force  into  the  synthesis  of  ATP.  The  net  pumping  of  protons  is  separated  into 
very  rapid  electron  transfer  across  the  membrane  in  each  of  the  two  types  of 
photochemical  reaction  centers.  Under  excitation  of  chloroplasts  with  single 
pulses  from  a  pi co- second  laser  this  occurs  in  less  than  200  ps  and  it  charges 
the  meinbrane  by  approximately  30-50  mV.  Coupled  to  secondary  electron  transfer 
are  protolytic  reactions  of  the  respective  electron  carriers  with  the  aqueous 
phases.  Under  conditions  of  only  linear  electron  transfer  from  water  to 
Hill-acceptors  two  protons  per  electron  are  released  into  the  thylakoid  interior. 
This  acidifies  the  internal  space  by  some  0.05  pH-units.  The  greater  part  of  th'’ 
electrochemical  energy  is  in  the  electric  form.  This  reflects  that  the  chemical 
(buffering)  capacitance  (soine  0,1  mol  H^mol  chi  x  pH)  is  much  greater  than  the 
electrical  one  (some  0.5|iF/cffl2).  Under  continuous  illumination  of  chloroplasts 
and  continuous  turnover  of  the  proton  pumps  othe.-  ions  than  protons  are  outwardly 
driven  to  electrically  compensate  proton  influx.  The  internal  pH  drops  by  up  to 
3  units  (under  linear  electron  transfer)  and  by  up  to  3.B  units  under  cyclic 
electron  transfer  with  artificial  cofactors.  In  the  steady  state  the  electric 
component  is  negligeable.  The  electrochemical  energy  is  used  for  ATP-synthesis 
with  a  proton/ ATP-stoichiometry  of  three.  With  this  stoichiometry  chloroplasts 
can  sustain  a  phosphate  potential  of  sorae  60  kJ/mol  in  the  light. 

It  is  still  under  debate  wliether  or  not  protons  obligatorily  path  via  the 
aqueous  phases  on  their  way  from  the  pomp  sources  into  the  ATP -synthases.  Vie 
found  chat  this  is  so  under  some  conditions  but  not  so  under  others.  We  studied 
partial  reactions  of  proton  release  during  photosynthetic  water  oxidation.  With 
a  membrane  adsorbed  indicator  dye,  neutral  red,  and  in  a  laser  flash- photometer 

we  measured  pH  transients  in  the  internal  phase  of  thylakoids  with  very  high 
sensitivity  (better  than  10'“*)  and  at  very  high  time  resolution  (better  than  20 
jis).  The  water  oxidating  enzyme  was  switched  from  one  of  its  four  oxidation 
states  to  the  other  by  a  series  of  laser  flashes.  The  extent  of  proton  release 
varied  with  a  period  of  four  and  the  velocity  of  the  internal  acidification 
followed  closely  the  velocity  of  the  respective  oxidation  step  of  the  enzyme. 
Hence,  proton  release  was  kinetically  and  stoichiometrically  labeled  as 
originating  from  water  oxidation.  In  freezc-thawd  and  swollen  thylakoids  we 
found  tl'9t  sven  the  most  rapid  acidification  steps  (half-rise  time  100  us)  could 
be  quenched  by  notoriously  hydrophilic  buffers  like  phosphate  and  the  internal 
phase  behaved  like  an  osmotically  variable  aqueous  bulk  phase.  This  demonstrates 
that  swollen  thylakoids,  which  showed  nigh  rates  of  photophosphorylation  can 
function  as  true  chemiosmotic  ATP- synthesizers  in  line  with  Mitchell's  claim. 
And  there  is  no  functionally  relevant  necessity  to  sequester  protons  into  special 
domains,  remote  from  the  bulk  buffering  power,  in  order  to  promote  ATP-synthesis 
(Willirm's  proposal). 

However,  in  freshly  prepared  thylakoids  we  found  various  deviations  from  this 
simple  behaviour:  failure  of  the  internal  space  to  behave  as  an  extended  aquous 
bulk  phase  -  transient  trapping  of  protons  originating  frcm  water  oxidation  in 
special  domains,  wliich  are  different  from  the  internal  lumen  -  great  delay  for 
the  propagation  of  a  "proton  wave"  along  stacked  thylakoids.  Closer  inspection 
of  these  phenomena,  which  will  be  presented  in  the  lecture,  revealed  that  these 
deviations  from  orthodox  cheiaiosmotic  behaviour  do  not  seem  to  matter  in  the 
steady  state. 
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MEDICAL  ULTRASONIC  IMAGING 

P.N.T.  Hells,  Department  of  Medical  Physics,  Bristol  General  Hospital,, 

Bristol ,  UK 

The  propagation  speed  of  ultrasound  in  biological  soft  tissues  ranges  from 
around  1480  m/s  in  fat  to  1600  m/s  in  muscle  and  the  attenuation  rate  is  about  1 
dB/(cm  MHz).  Pulse-echo  techniques  are  widely  used  in  medical  diagnosis.  The 
resolution  depends  on  the  ultrasonic  wavelength  which  decreases  with  increasing 
frequency.  The  attenuation  limits  the  penetration  to  about  200  wavelengths  in 
soft  tissues,,  so  that  frequencies  in  the  range  1-15  MHz  provide  the  optimal 
compromise  between  resolution  and  penetration. 

The  reflexions  which  give  rise  to  the  echoes  which  form  the  basis  of  most 
echo  techniques  in  ultrasonic  diagnosis  arise  from  discontinuities  in 
characteristic  impedance  (equal  to  the  product  of  the  density  of  the  material 
and  the  speed  of  ultrasound  within  it).  Moreover,  the  reflected  ultrasound  is 
shifted  in  frequency  by  the  Doppler  effect  if  the  backscattering  structures  have 
a  component  of  velocity  in  the  direction  of  the  ultrasonic  beam. 

Piezoelectric  transducers  are  used  to  generate  and  detect  ultrasound.  Lead 
zirconate  titanate  is  the  most  commonly  used  transducer  material  but  there  is 
growing  interest  in  the  polarised  plastic  polyvinyl i dene  difluoride.  In  the 
near  field,  the  ultrasonic  beam  can  be  focused  by  lenses,  concave  transducers, 
shaped  mirrors  or  electronically  controlled  arrays.  Arrays  can  also  provide  the 
capabilities  of  controlling  the  beam  position  and  direction  and  of  dynamically 
focusing  the  receiving  beam. 

Pulse  echo  techniques  depend  on  measurements  of  echo  delay  times 
(proportional  to  reflector  ranges),  echo  amplitudes  (giving  information  about 
reflector  characteristics)  and  beam  directions  (the  azimuths  and  elevations  of 
the  reflectors).  The  dimensions  of  the  resolution  cell  depend  on  the  ultrasonic 
beam  and  pulse  shapes  (which  vary  with  position)  and  the  dynamic  range  of  the 
receiving  system. 

Pulse  echo  information  can  be  displayed  as  an  A-scan  (in  which  time, 
corresponding  to  distance,  is  on  one  axis  and  the  occurrences  of  echoes,  on  the 
other  axis),  a  time-position  recording  (depth  on  one  axis  and  real  time  on  the 
other),  or  a  two-dimensional  B-scan  (a  sectional  image  in  the  scan  plane). 
Nowadays,  the  A-scan  is  generally  used  as  an  adjunct  to  other  displays. 
Time-position  (M-mode)  recording  has  its  main  application  in  cardiology. 

Instruments  designed  to  produce  two-dimensional  B-scans  by  manual  scanning 
of  the  probe  over  the  surface  of  the  patient  ('static'  scannners)  or  by 
automatic  scanning  through  a  water  hath  are  now  less  popular  than  systems  which 
can  image  in  real  time.  Real  time  systems  are  based  either  on  fast  mechanical 
scanning  or  on  electronically  controlled  arrays. 

Two-dimensional  ultrasonic  images  are  composed  of  various  textures  which 
depend  on  the  characteristics  of  the  imaging  system  in  addition  to  those  of  the 
corresponding  anatomical  and  histological  structures.  Quantitative  analysis  of 
the  echo  signals  may  allow  tissues  to  be  identified. 

Systems  based  on  the  Doppler  effect  are  used  to  detect  motion  and  to 
measure  blood  flow  velocity.  The  simplest  instruments  employ  continuous  wave 
ultrasound  and  non-directionally-sensitive  detectors.  The  most  advanced  use 
pulsed  range-gated  ultrasound  and  directicnally-sensitive  detectors  with  on-line 
frequency  spectrum  analysis.  Pulsed  Doppler  systems  are  also  used  in 
combination  with  real-time  pulse-echo  imaging  systems.  Such  instruments  have 
applications  in  cardiovascular  investigations. 

Measurements  of  ultrasonic  transmission  are  used  in  computed  tomography  to 
study  two-dimensional  distributions  of  speed  and  attenuation  in  accessible 
organs.  Orthogonal  transmission  techniques  produce  useful  images  with 
incoherent  ultrasound.  Acoustic  microscopy,  using  ultrasound  in  the  10-2000  MHz 
frequency  range,  has  promising  applications  in  the  investigation  of  small  living 
structures  and  cells. 

The  exposure  conditions  used  in  contemporary  diagnostic  systems  appear  to 
be  safe. 
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QUANTITATIVE  IN  VIVO  TISSUE  AUTORADIOGRAPH!  IN  HUMAN  SUBJECTS  WITH  POSITRON 
EMISSION  TOMOGRAPH!.  Marcus  E.  Ralchle  and  Peter  Herscovitch,  Washington 
University  (Box  8131 )i  St.  Louis,  Missouri,  63IIO,  USA 

Positron  emission  tomography  (PET)  is  a  nuclear  medicine  imaging  technique 
which  produces  an  image  of  the  distribution  of  a  positron-emitting  radionuclide 
in  any  desired  cross-section  of  the  humah  body.  A  PET  image  reconstructed  from 
the  radioactive  counting  data  is  an  accurate  and  quantitative  representation  of 
the  spatial  distribution  of  a  positron-emitting  radionuclide  in  the  chosen 
section.  This  approach  is  analagous  to  quantitative  tissue  autoradiography  but 
has  the  added  advantage  of  permitting  in  vivo  studies  in  humans  (M.E.  Raichle, 
Ann  Rev  Neuroscience  6:249-267,  1983).  Investigators  with  access  to  radio- 
pharmaceuticals  labeled  with  these  radionuclides  (e.g.  H2^^0,  O^So,  c^^o, 
ISp-deoxyglucose)  and  a  PET  imaging  device  have  employed  a  variety  of  quantita¬ 
tive  radiotracer  strategies  to  evaluate  the  relationship  between  the  functional 
activity  of  the  human  brain  (i.e.,  motor,  somatosensory,  auditory  and  visual) 
and  local  metabolism  as  well  as  the  metabolic  and  hemodynamic  correlates  of 
disorders  of  human  cognition  (amnesia)  and  mood  (anxiety  and  depression)  and 
specific  diseases  such  as  stroke,  epilepsy,  and  dementia.  In  addition,  because 
of  the  sensitivity  of  PET  to  extremely  low  in  vivo  concentrations  of  specific 
radiopharmaceuticals  it  has  been  possible  to  design  and  implement  tracer 
strategies  to  measure,  in  vivo,  receptor  pharmacology  in  the  human  brain. 
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NUCLEAR  MAGNETIC  RESONANCE  IMAGING 

P.  C.  Lauterbur,  Departments  of  Chemistry  and  Radiology,  State  University  of 
New  York  at  Stony  Brook,  Stony  Brook,  New  York,  U.S.A. 

Many  atomic  nuclei,  including  the  most  common  isotopes  of  hydrogen, 
phosphorus,  sodium  and  fluorine  and  the  one  percent  abundant  13-C,  have  spins 
and  magnetic  moments.  The  interaction  energies  between  such  nuclei  and  the 
magnetic  fields  within  practical  large  magnets  correspond  to  radio  frequencies. 

The  transitions  between  the  long-lived  quantized  energy  levels  are  extremely 
sharp,  especially  in  liquids,  in  which  molecular  motions  average  out  the 
frequency  differences  caused  by  anisotropic  local  interactions.  In  a  non- 
uniform  magnetic  field  the  exact  resonant  frequencies  depend  upon  the  local 
values  of  the  field  and  hence  on  the  spatial  coordinates  of  the  nuclei.  Images 
of  the  nuclear  distributions  can  be  obtained  by  varying  the  non-uniformity  of 
the  magnetic  field,  usually  by  the  superposition  of  small  linear  gradients  on 
a  uniform  static  field,  and  then  using  either  projection  reconstruction  or 
phase-encoding  techniques.  Molecular  motions  modify  the  phase  coherence  of  the 
spins  and  the  probabilities  of  transitions  between  the  energy  levels,  and  the 
resulting  differences  in  natural  relaxation  rates,  from  about  0.5  s-i  to  20  s"' 
in  tissues,  can  drastically  change  the  signal  strengths,  permitting  high- 
contrast  imaging  of  normal  and  abnormal  anatomy  with  resolutions  of  the  order 
of  one  millimeter  in  hydrogen  NMR  images  of  water  and  fat. 

The  local  magnetic  fields  are  also  modified  slightly,  by  a  few  parts  in 
106  to  105,  by  the  effects  of  molecular  electronic  structure.  These  spectro¬ 
scopic  differences  can  be  used  to  analyze  tissue  in  vivo  for  major  hydrogen, 
phosphorus  and  carbon-containing  compounds,  and  to  image  their  distributions 
in  the  body.  Because  hydrogen  NMR  signals  from  the  high  concentrations  of 
protons  in  water  and  fat  are  relatively  strong,  small  volumes  give  rise  to 
good  signal-to-noise  ratios  and  high-resolution  images,  comparable  to  those 
obtained  by  x-ray  computed  tomography,  are  possible.  Signals  from  nuclei  at 
lower  concentrations,  such  as  phosphorus  in  ATP,  phosphocreatine  and  inorganic 
phosphate,  must  be  averaged  over  larger  volumes,  usually  at  least  several  cubic 
centimeters,  to  obtain  useful  spectra,  but  the  detailed  metabolic  information 
that  can  be  obtained  compensates  for  the  lower  resolution.  NMR  images  also 
contain  information  about  flow  and  motion,  and  can  be  used  to  study  the 
function  of  the  cardiovascular  system.  Images  of  small  objects  at  microscopic 
resolution  of  the  order  of  20  ym,  have  also  been  obtained,  and  a  variety  of 
specialized  techniques  and  new  developments  are  being  introduced. 
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SHUJCWRAL  PROPERTIES  OP  MYCOPROTEIM 

R.A.  Karsh»  RH.H  Research  Ltd.,  Ihe  Lord  RanX  Research  Centro, 
High  viyccche,  Bucks,  U.K. 

Hycoprotein  is  a  protein  and  fibre-rich  htsaan  food 
derived  free  fungal  Eycclixn  of  a  strain  of  Fusanurt 
granir^aTm  (Schwabo).  It  is  grown  by  continuous  culture 
fereentation  on  food  grade  substrates,  and  has  been  devel¬ 
oped  into  a  range  of  products  with  eating  qualities  siailar 
to  seat.  The  texture  of  aycoprotelu  is  very  dependent  on 
Che  structural  properties  of  the  eycelivn.  Fungal  hyphae 
Attain  a  typical  unbranched  length  of  30Qp  {S/2  In  dlasetcr) 
during  ferxaentation.  After  a  heat  shock  to  reduce  the  RKA 
co<2%,  sycoprotein  is  hacvested.by  filtration  to  give  a  buff 
coloured,  bland  flavoured  produce  of  about  30%  solids. 

Hyphae  consist  of  fibrous  chitin-glucan  coll  walla,  contain¬ 
ing  thersally  denatured  protein,  and  can  be  aligned  into 
fibres  by  eechanical  Deans.  Light  and  electron  nicroscopy 
coupled  with  a  Dcasuresent  of  fibre  strength  using  a  Dodlfied 
Znstron  1122,  shows  that  the  size  and  strength  of  aycoproteln 
fibres  are  cosparable  with  nusclc  fibres  in  beef,  but  as 
eycoprotein  contains  no  natural  connective  tissue  It  has 
chewing  properties  closer  to  chicken.  teiR, Differential 
Scanning  Calorlsetry  and  Dynaaic  Rheological  Spectroaetry 
have  been  used  to  investigate  properties  of  aycoprotoln,  and 
show  it  to  be  different  froa  neat  in  water  uptake,  flavour 
binding  and  themal  shrinkage,  ghls  is  related  to  the 
hyphal  structure  and  surface  being  carbohydrate  rather 
chan  protein. 


rOOD-R'NCTIONAL  AND  PHySICO-CHEMlCAL  PROPERTlE.g  OF  WHEY 
PROTEINS  E.W.  Evans,  B.E.  Brooker,  K.R.  Langley  and 
D.  Millard,  NZRD,  Shinfiold,  Reading,  UK. 

Nhey  protein  represents  a  valuable  and  nutritious  source 
of  protoitf  for  food  use.  These  proteins  are  well 
characterised  chceically  and  nutritionally  and  &uch  is  known 
about  their  ther&al  stabilities  and  physioo-cheolcal 
properties.  Fractions  concentrated  in  particular  proteins, 
produced  by  ion-exchange  taethods  developed  at  NIRD,  are 
being  used  to  evaluate  physical  and  physico-chcaical 
properties  of  relevance  to  aanufactured  foods.  Current 
tests  for  food  functionality  of  proteins  are  iaprecise  and 
often  aeaninglessj  progress  depends  on  relating 
functionality  to  physlco-cheaical  properties.  Wo  are 
developing  aethods  of  aeasuring  and  deteraining  the 
kinetics  of  gelation  and  the  physical  properties  of  gels, 
and  Che  efficiency  of  foraation  and  the  stability  of 
eDulsions,  produced  froa  these  fractions.  Effects  of 
physical  and  chcalcal  factors,  both  in  protein  production  and 
in  the  forsacion  of  aodel  systeas,  on  these  physico-cheoical 
properties  are  being  assessed.  An  objective  is  to  explore 
the  extent  to  which  these  food  functional  properties  of  the 
globular  proteins  can  bo  related  to  their  physico-chcolcal 
properties.  Another  is  to  identify  the  contributions  of 
specific  proteins  within  a  aixture,  to  assces  whether  these 
properties  are  additive  or  '*yncrglstic. 


I€r,«jt5f  P<^0TCl\$  fOOOS  -  A  SIRUCIURC/fUMTUa'^  APPROACH 
D,  ?.  ^^noht 

DiMsior.  of  Che'^lfitry  nnd  Hlocheoislry,  AFRC  food 
Pcsparch  InstitutCi  Colney  lono»  \orwtch,  U.K. 

Ihe  vorious  functional  roles  of  proteins  in  food 
products  have  been  recognised  foi  son©  tin©  ond  nany 
studies  have  bnen  inltloted  to  explore  the  basis  of  this 
functionality,  Ihcse  studies  hnve  nttenpled,  in  the 
roln,  to  correlate  ad  hoc  neosui’eocnto  of  protein  func¬ 
tionality  iTiith  observed  physical  paraoeters  or  hove 
pipf^ly  c<wparpd  functional  properties  bet'iern  proteins  or 

p>ater*alg.  Despite  all  the  work  undertaken,  v<o  ore 
still  not  in  a  position  to  say  precisely  what  governs, 
for  e*&f^ple,  the  foan-  or  enulsion-slahilisinq  ability  of 
proteins.  Iho  lock  of  real  success  would  seen  to 
indicate  that  perhaps  a  note  radical  npproacti  ia  required. 

Although  the  link  bcUiccn  protein  structure  and 
faction  is  indispiitable,  tt»e  exact  relationship  rcoaios 
unclear,  Ihis  paper  will  attempt  to  examine  the  iciport- 
once  of  structure  to  the  prt^ertlea  of  protoinus  and  the 
means  by  v;hlch  the  iwpact  of  oiruclural  variation  on 
functional  properties  can  be  assessed,  using,  as 
exarrples,  rroteins  nainly  of  vegetable  origin. 


PEPTIDE  MIXTURES  AS  E.'lOLSIFIERS 

J.  Adlor-Klssen,  Novo  Xndustri  A/S,  Bnzyrae  Applica¬ 
tions- D,  Bagsvaerd,  Dcn^rk. 

The  craulsifying  properties  of  food  proteins 
arc  generally  positively  correlated  with  their  so¬ 
lubility  and  their  hydrophobic! ty.  It  has  pre¬ 
viously  been  shown  that  by  partial-  cnzyraic  hydro¬ 
lysis  Improved  emulsifying  properties  can  be  a- 
chleved,  presumably  as  a  result  of  the  increase  in 
solubility.  A  further  separation  of  the  iso-elec¬ 
tric  soluble  fraction  yields  100%  soluble  peptide 
mixtures  which  also  exhibit  emulsifying  properties. 
12  such  soluble  hydrolysate.,  have  been  prepared 
from  casein  and  soya  protein  using  different  enzy¬ 
mes  and  different  degrees  of  hydrolysis  The  hydro¬ 
lysates  are  charactcrized-by:  Average  peptide 
length,  gel  chromatography,  TCA-solubility,  parti¬ 
tion  coefficient  in  2-butanol  :H20,  and  aislno  acid 
c<X3position.  The  emulsifying  capacity  of  these  hy¬ 
drolysates  shows  considerable  variation  (from  8  to 
80  g  oil  per  g  protein) ,  and  this  variation  is  dis¬ 
cussed  in  relation  to  the  molecular  weight  distri¬ 
bution  and  the  hydrophobic  properties  of  the  hydro¬ 
lysates.  The  dominating  determinant  for  the  emul¬ 
sifying  capacity  is  the  relative  concentration  of 
long-chain  peptides  which  arc  essential  for  achiev¬ 
ing  good  emulsifying  properties. 


The  properties  and  baking  perfonaanees  of  coeoercial  glutens 
E.E. MCDERMOTT,  FMBRA,  CHORLEYMOOD,  HERTS. 

Recently, considerable  interest  has  been  shown  in  the 
use  of  gluten  to  replace,  wholly  or  partly,  the  protein  in 
bread  flour  norzaally  derived  froa  Canadian  or  other  third 
country  *dicats  In  the  bread  grist.  The  reason  for  this 
Interest  is  an  econonlc  one  since  such  wheats  carry  a  not 
ia^rt  charge.  These  eccnoalc  advantages  depend  heavily 
on  the  efficiency  with  which  added  gluten  slGulates  the 
performance  of  the  natural  orotolns  present  in  a  icixed 
grist  flour.  It  is  ieportant  therefore  to  choose,  froa 
the  glutens  at  present  available  to  the  Industry,  those 
which  give  the  best  possible  performances.  As  a  part  cf  a 
continuing  study  on  gluten  we  have  coepared  the  baking 
perforaances  of  a  nusber  of  cocsaercial  glutens  and  have 
atteeptod  to  relate  these  baking  perforaances  with  other 
oluten  properties.  'Ihe  gluten  properties  studied  included 
water  adsorption,  rate  of  hydration  and  particle  size 
anong  aany  others.  The  results  showed  that  oood  glutens 
can  be  separated  froa  the  not  so  good  glutens  by  Doans  of 
a  few  sieplo  tests.  Practical  aspects  of  oluten 
denaturatl<xi  during  the  drying  of  wet  gluten  are  being 
investigated  as  well  as  the  influence  of  flour  type  on 
the  properties  of  the  gluten  prepared  from  it. 


CeilAN  Cl«  -  A  NTW  CCILIMJ  PCtYSACCHARIDC 
V.  J.  ftorris 

ATRC  food  Resonreh  institute,  Colney  Lane,  N'omich,  U.K. 

Gellan  gun  is  an  exlrocellular  polysaccharide  produced  by 
ocrobic  romcntolion  of  the  nicro-oroanisn  Psrudof>onns 
elodea.  It  shows  pronise  as  an  industrial  qellinn  oornt 
ond  is  currcnlly  morkrlcd  as  an  agar  reploceocnt  for 
oicrobiol  arc*/th  ncdia.  Although  not  es  yet  approved  for 
food  use,  food  opplicotions  have  been  explored,  ond  the 
etatrriol  sImws  potential  as  a  ''broad  spectrum"  gelling 
agent.  Ihe  poly^ner  Is  anionic  ond  gelotion  is  sensitive 
to  cation  type  end  concentration  os  well  as  th'i  acetyl 
content  of  the  polyrscr.  Physical  chemical  studies  have 
provided  an  insidit  into  the  necttanism  of  gelation. 
Ootoils  of  these  studies  will  be  presented. 
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I  POLYNUCLEOTIDES  -  MOLECULES  CAPABLE  OF  DARWINIAN  EVOLUTION 

P. Schuster ,  Institut  fur  Theqretische  Chemie  und  Strahlenchemie 
Universitat  Wien,  Austria 

Polynucleotides  form  the  only  class  of  molecules  which  are 
capable  of  efficient  self-replication.  This  capability  is  also  the 
m.ost  important  property  these  biopolymers  have  in  conmon  with  in¬ 
tact  organisms.  Polynucleotide  replication  has  been  studied  exten¬ 
sively  by  experimental  techniques.  Thereby  insight  was  obtained 
into  the  mechanism  of  mutation  and  selection  on  the  molecular  level 
Although  polynucleotides  are  not  more  than  a  very  faint  reflection 
of  the  .biosphere  they  enable  us  to  study  the  two  basic  features  of 
Darwin's  theory  of  evolutiori:  the  creation  of  variability  by  muta¬ 
tions  and  the  optimization  of  properties  through  selection,  the 
conditions  of  which  are  dictated  by  the  environment.  The  accuracy 
of  the  replication  process  sets  a  limit  to  the  length  of  the  genom. 
Three  examples  for  which  experimental  data  are  available  v/ill  be 
presented: 

(1)  enzyme  free  template  induced  polyribonucleotide  synthesis 

(2)  replication  of  viral  RNA  by  specific  replicases  and 
(.3)  procaryotic  DNA  replication. 

Vv’e  find  a  str^ght  forward  explanation  for  the  maximum  genom  lengths 
observed  in  nature  with  primitive  namely  procaryotic  organisms. 
Present  day  biochemistry  is  based  on  the  complex  dynamic  inter¬ 
relations  of  proteins  and  nucleic  acids.  Both  classes  of  molecules 
are  well  understood  as  far  as  molecular  structures  and  static 
properties  are  concerned.  Our  knov;ledge  on  the  dynamics  of  the 
processes  taking  place  in  the  living  cell  is  still  fragmentary, 
although  rapidly  improving  at  present.  Nevertheless,  the  data 
available  seem  to  be  sufficient  to  construct  molecular  model  sys¬ 
tems  which  can  be  subjected  to  experimental  tests.  Dynamical  inter¬ 
relations  between  proteins  and  nucleic  acids  became  important  at 
the  origin  of  translation.  We  shall  present  a  dynamical  model  of 
polynucleotide-polypeptide  interactions  which  is  based  on  higher 
order  autocatalytic  reactions.  The  dynamical  model  called  hyper¬ 
cycle  provides  a  possibility  to  suppress  competition  between 
polynucleotides  and  allows  to  form  an  organized  system  consisting 
of  several  polynucleotides.  Some  predictions  on  the  origin  of  the 
genetic  code  which  follow  from  this  model  will  be  discussed. 
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NOTION  OF  PRIMORDIAL  BUILDING  BLOCKS  IN  CONSTRUCTION  OF  GENES.  Susu.nu  Ohno 
Beckman  Research  Institute  of  The  City  of  Hope,  Duarte,  CA  91010 

Recently,  a  number  of  investigators  independently  arrived  at  the  conclusion 
that  modern  polypeptide  chains  are  composites  of  oligopeptidic  units.  I  con¬ 
tend  that  the  reason  for  the  above  can  be  traced  to  the  very  beginning  of  the 
life  either  on  this  earth  or  elsewhere.  The  important  thing  to  remember  here 
is  that  natural  selection  began  to  play  the  customary  omnipotent  role  only 
after  the  creation  of  the  first  cell  and  not  before.  Thus,  there  had  to  be 
certain  a  priori  conditions  that  permitted  the  spontaneous  generation  of  the 
first  cell.  The  base  triplet  coding  system  vrith  sets  of  chain-initiator  and 
chain-terminators  must  have  preexisted,  or  else  the  first  set  of  polypeptide 
chains  produced  by  the  prebiotic  translation  machinery  had  to  represent  ran¬ 
dom  sampling  from  the  astronomical  20^00  variety  of  100-amino-acid-residue- 
long  sequences,  even  if  the  average  length  of  original  polypeptide  chains 
were  that  short.  In  the  absence  of  natural  selection,  such  a  collection  of 
randomly  generated  amino  acid  sequences  would  have  remained  as  such  vnthout 
ever  resulting  in  the  creation  of  the  life.  Under  the  universal  coding 
system,  on  the  other  hand,  only/  61 \ 100  y  /  h  fraction  (0.0132%)  of  the 

^  64'  ''64' 

300-base-long  randomly  generated  base  sequences  could  have  specified  an 
100-amino-acid  residue-long  polypeptide  chain.  The  above  are  the  very  reason 
for  believing  that  the  first  set  of  coding  sequences  that  made  the  creation 
of  the  life  possible  had  to  be  repeats  of  base  oligomers.  Provided  that 
the  number  of  bases  in  each  oligomeric  unit  is  not  a  multiple  of  3,  repeats 
of  base  oligomers  are  endowed  with  three  outstanding  virtues  that  uniquely 
qualify  them  as  the  primordial  coding  sequence.  First  of  all,  a  high  propor¬ 
tion  (e.g.,  59.14%  of  monodecameric  repeats)  of  them  are  capable  of  spe¬ 
cifying  long  periodical  polypeptide  chains  from  all  three  reading  frames. 

The  next,  periodical  polypeptide  chains  specified  by  them  tend  to  assume 
either  a-helical  or  p-sheet  secondary  structure.  The  third  and  probably  most 
important  of  all,  the  coding  potential  of  oligomeric  repeats  are  not  easily 
destroyed  by  randomly  sustained  base  substitutions,  deletions  and  inser¬ 
tions,  thus,  permitting  accumulation  with  time  of  a  sufficient  variety  of 
periodical  polypeptide  chains  to  start  the  life. 

Even  modern  organisms  apparently  employ  the  above  strategy  for  the  d.e  novo 
generation  of  new  coding  sequences.  For  example,  anti-freeze  proteins  in  the 
blood  of  polar  fish,  sporozite  antigens  of  malarial  parasites  and  salivary 
proteins  of  the  dipteran  insect  Chironomw  tentans  to  encase  its  aquatic  lar¬ 
vae  are  all  oligopeptidic  repeats.  Other  coding  sequences  that  maintain  suf- 
ficent  degrees  of  initial  repetitiousness  may  utilize  different  reading 
frames  to  encode  two  distinctly  divergent  polypeptide  chains,  instead  of  one. 
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EXONS  AND  THE  EVOLUTION  OF  PROTEINS 

C.C.F. . Blake.  Laboratory  of  Molecular  Biophysics,  University  of  Oxford,  South 
Parks  Road,  Oxford,  England. 

Typically,  a  eucaryotic  gene  is  a  mosaic  of  coding  sequences  (exons) 
separated  by  a  number  of  non-coding  regions  (introns) .  The  most  influential 
theory  to  account  for  this  structure  proposes  that  the  split-genes  organisation 
has  a  number  of  features  that  facilitate  the  large-scale  evolution  of  protein 
molecules.  The  most  far-reaching  proposal  involves  the  assumption  that  exons 
may  encode  particular  protein  functions  which  can  be  rearranged  in  new 
combinations  by  DNA  recombination  in  the  intronic  regions  of  genes.  Protein 
functions  are  normally  associated  with  structural  domains,  and  there  is 
increasing  evidence  that  domains  of  common  structure  and  common  function  are 
present'  in  otherwise  different  protein  molecules.  It  is  important,  therefore, 
to  determine  whether  or  not  molecules  of  this  type  have  evolved  by  the  so- 
called  "exon  shuffling"  mechanism. 

Correlation  of  gene  fine-structures  with  knov;n  tertiary  structures  of 
proteins  reveals  a  complex  situation.  First,  it  is  evident  that  most  protein 
domains  are  encoded  by  a  number  of  exons,  rather  than  one  as  proposed  in  the 
hypothesis.  Secondly,  it  is  clear  that  a  number  of  large  protein  molecules 
have  evolved  by  the  multiple  tandem  duplication  of  a  single  primordial  exon 
and/or  a  -small  cluster  of  exons.  Thirdly,  there  are  examples  where  it  is 
suspected  that  exons  have  been  lost  or  gained  during  this  process,  resulting  in 
a  functional  modification  of  the  duplicated  protein.  However  in  many  cases  the 
correlation  of  gene  structure  with  protein  structure  gives  no  such  clear-cut 
results.  There  are  possible  reasons  for  this:  first,  although  in  some  genes 
the  exon/intron  pattern  is  remarkably  stable,  in  others  the  pattern  has 
apparently  undergone  change,  which  current  evidence  suggests  is  due  to  loss 
rather  than  gain  of  exons;  secondly,  it  has  been  proposed  that  splice 
junctions  are  the  loci  of  chain  growth,  thus  increasing  the  sizes  of  exons. 
Finally,  there  is  a  good  correlation  between  exon  number  and  chain  length  for  a 
wide  range  of  protein  molecules.  This  could  indicate  that  exon  encoded 

•  fragments  represent  the  fundamental  building  blocks  of  protein  molecules, 

suggesting  a  role  in  the  earliest  stages  of  protein  evolution. 

The  indications  are  that  exons  encode  protein  fragments  mostly  in  the  range 
of  40-50  amino  acids,  which  are  often  folded  in  a  compact  form  and  correspond 
to  simple  units  of  protein  supersecondary  structure.  These  observations  can  be 
combined  with  the  discovery  that  certain,  probably  primitive,  introns  appear  to 

I  act  as  sequence  dependent  RNA  "enzymes"  that  catalyse  their  own  removal,  to 

produce  a  model  for  the  early  evolution  of  proteins.  This  model  envisages 
exons  as  mini-genes  coding  for  small  folded  polypeptides,  flanked  by  non-coding 
sequences  that  define  the  self-exision  RNA  "enzymes" .  Multiple  tandem 
duplications  of  these  units,  perhaps  with  exon  shuffling,  could  lead  to  longer 
genes  of  mosaic  structure  producing  larger  proto-proteins  built  from  the 
fragments  which  are  seen  as  supersecondary  structures.  The  introns  excise 
themselves  from  the  n.-RNA.  Thus  the  exon/intron  pattern  could  represent  the 
early  structure  oi  protein  expressing  genes,  and  at  a  later  stage  this 
structure  could  be  utilJred  for  the  larger  scale  evolution  processes  described 

*  previously.  This  view  would  require  either  that  the  procaryotes  had  lost  all 

the  introns  fro.;  their  genomes,  perhaps  in  the  cause  of  erficiency,  or  that 
procaryotes  and  eucaryotes  represent  separate  lines  of  evolution. 
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Symposium  on  Metal-Proteins  and  Electron  Transfer 
THE  PROPERTIES  OF  CYTOCHROME-c 

R.J.P.  Williams,  G.R.  Moore,  M-N.  Robinson  and  G.  Williams,  Inorganic  Chemistry 
Laboratory,  South  Parks  Road,  Oxford,  England 

All  methyl  and  aromatic  resonances  in  at  least  one  state  of  cytochrome  £  in 
solution  have  been  assigned  In  the  proton  NtlR  spectrum.  The  assignment  allows  a 
discussion  of  the  protein  structure  In  solution  since  the  spectral  differences 
between  the  oxidised  and  reduced  states  are  very  largely  due  to  the  pseudo¬ 
contact  shift,  originating  at  the  paramagnetic  Fe(III)  atom.  Only  at  the  first 
level  of  approximation  (±  approx.  l.OA)  is  it  true  to  say  that  the  several  known 
crystal  structure^  (amongst  themselves)  and  the  solution  structures  are  the  same 
independent  of  oxidation  state  and  site  in  the  crystal.  We  exclude  surface 
residues  since  virtually  all  these  residues,  some  thirty,  are  mobile  and  only 
their  a-carbon  coordinates  are  well  defined.  [The  surface  of  a  protein  has  no 
structure  and  new  methods  need  to  be  designed  for  their  description  generally, 
see  below).  Against  the  knowledge  of  the  general  similarity  of  all  structures 
we  have  used  NMR  NOE  and  coupling  constant  methods  to  inspect  solution  structure 
locally  against  that  given  by  the  crystallographic  analysis.  In  one  region  of 
the  protein  from  about  residue  38  to  about  residue  59  there  are  several  note¬ 
worthy  differences  between  solution  and  crystal,  between  the  two  different 
molecules  in  the  crystal,  and  between  oxidation  states  both  in  solution  and  in 
the  solid  state.  Because  the  main  crystal  packing  interface  between  molecules 
is  exactly  in  this  region  we  can  not  tell  which  features  of  the  crystal  struc¬ 
ture  changes  on  redox  reaction  are  packing  artefacts.  The  NMR  stjdy  shows  that 
the  .region  in  question  is  the  most  easily  deformed  part  of  the  molecule.  It  is 
the  most  sensitive  to  redox  change,  temperature  change,  chemical  modification 
and  single  or  multiple  amino  acid  substitutions  (i.e.  the  site  specific 
mutagenesis  effect).  Changes  are  relayed  more  weakly  to  more  distant  parts  of 
the  molecule,  probably  through  helices  as  we  have  shown  for  other  proteins. 

We  have  used  chemical  shift  and  line  width  studies  to  elucidate  the  mobility 
of  the  protein  in  the  time  regime  of  chemical  reaction  interest.  Flip  and  flap 
rates  are  very  variable  within  the  body  of  the  protein  from  10  per  sec  to  10*’ 
pet  sec.  Their  activation  energies  can  be  as  large  as  lOOKJ  per  mole  indicating 
that  a  protein  may  act  like  a  viscous  solvent  cage.  Clearly  reactior  mechanisms 
inside  proteins  may  not  be  described  without  reference  to  seemingly  inert  resi¬ 
dues.  The  major  mobility  is  underneath  the  heme  (see  later)  apart  fiom  at  the 
termini . 

Apart  from  conformation  change  and  mobility  an  understanding  of  electron 
transfer  rates  demands  knowledge  of  the  site  from  which  the  electron  is  trans¬ 
ferred.  This  site  must  be  in  a  reagent  associated  with  the  mobile  and 
ill-defined  surface.  We  have  therefore  started  a  study  of  the  surface  using  NMR 
probe  reagents.  Regions  of  negative,  positive  and  neutral  electrostatic 
potential  are  searched  for  using  positive,  negative,  and  neutral  probes 
respectively.  Reagents  such  as  ferrlcyanide  bind  to  several  sites  so  that 
definition  of  their  reaction  kinetics  is  extremely  difficult.  We  have 
discovered  that  Fe(III).EDTA  has  a  very- selective  single  site  which  is  not  the 
major  ferrlcyanide  site.  By  the  use  of  competitive  blocking  of  different  sites 
we  ace  now  studying  the  rates  of  electron  transfer  from  known  surface  positions. 

The  structural  data  show  how  access  of  reactants  to  a  closed  heme  pocket, 
compare  cytochrome  P-450,  can  be  through  the  breaking  of  the  labile  Fe- 
raethionine  bond.  The  lability  is  connected  with  the  lability  of  the  40-60 
section  of  the  protein  under  the  heme  (see  above).  Note  also  that  this  labile 
region  around  Ile-57  is  a  major  antigenic  site.  The  most  antigenic  sites  of 
proteins  may  be  partially  hidden  in  those  loops  of  the  protein  which  are 
labile.  Antibody  specificity  is  then  in  part  connected  to  the  specific  fold 
energy  or  part  of  the  protein. 

Cytochrome  c^  functions  can  not  be  related  to  structure  except  through  the 
study  of  dynamics  in  solution  and  this  may  be  true  of  many  proteins  where 
knowledge  of  group  positions  is  needed  to  ±  l.OA. 
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LONG  DISTANCE  ELECTRON  TRANSFER  IN  METALLOPROTEINS 
H .  B .  Gray ,  Arthur  Amos  Noyes  Laboratory,  California  Institute 
of  Technology,  Pasadena,  California,  USA 

Recent  experiments  have  shown  that  electrons  can  be  trans¬ 
ferred  relatively  rapidly  (greater  than  1  s'^)  over  long  distances 
(12-13  A)  in  proteins..  Work  in  our  laboratory  in  this  area  has 
involved  heme  and  blue  copper  proteins  that  have  been  surface- 
modified  with  electron-transfer-active  ruthenium  complexes. 

Samples  with  pentaanimineruthenium(III)  (agRu^’*')  groups  attached  to 
histidine  33  in  horse  heart  cytochrome  c,  histidine  83  in  Pseudo¬ 
monas  aeruginosa  azurin,  and  histidines  12,  48,  81,  and  ll6“rn 
sperm  whale  myoglobin  (Mb)  have  been  prepared  and  purified,  intra¬ 
molecular  electron  transfer  from  Ru^'*'  to  Fe^’*'  (or  Cu^’*')  in  these 
derivatives  has  been  studied  over  a  range  of  temperatures  by  flash 
photolysis  methods.  In  the  experiment,  the  surface  a5Ru(His) 
group  is  reduced  by  electronically  excited  Ru(bpy)|’’‘  (bpy  =  2,2'- 
bipyridine)  ,,  and  in  the  presence  of  sacrificial  donors  (to  reduce 
Ru(bpy)|''')  this  event  is  followed  by  intramolecular  asRu(His) 

Fe^'*'  (or  Cu^'*')  election  transfer.  The  rate  of  asRu(His-33)^’‘'->-Fe^'*' 
electron  transfer  in  asRu(His-33)cytochrome  c  is  between  20  and 
40  s'l  over  the  temperature  range  0  -  80°C.  (Above  80°C,  the 
protein  structure  changes  substantially,  and  intramolecular 
electron  transfer  is  not  observed.)  The  rate  of  a'Ru(His-83) 

Cu^'*'  electron  transfer  in  a5Ru(His-83)azurin  also-  jis  temperature- 
independent  (2  s'^  between  -10  and  55®C).  Analysis  of  the  results 
for  a5Ru(His-33)cytochrome  c  and  a5Ru(His-83)azurin  suggests  that 
the  reorganizational  enthalpies  of  the  protein  electron  transfer 
sites  are  less  than  7  kcal  mol'l,  which  accords  with  the  view 
that  solvation  effects  are  minimal  in  these  protein  interiors. 
Unlike  the  results  obtained  for  cytochrome  c.  and  azurin,  the 
intramolecular  electron  transfer  rate  inoa5Ru(His-48)Mb  (the 
closest  His-48  to  heme  distance  is  13.3  A)  is  strongly  dependent 
on  temperature  (k  increases  from  0.05  s"l  at  20®C  to  0.5  s'l  at 
50°G) ,  thereby  indicating  that  the  reorganizational  enthalpy  of 
the  high-spin  heme  is  greater  than  10  kcal  mol'^.  It  is  likely 
that  a  substantial  fraction  of  this  activation  is  attributable  to 
partial  dissociation  of  the  axial  water  ligand  in  the  high-spin 
ferriheme.  The  rates  of  intramolecular  Ru^'^->Fe^’’‘  electron  trans¬ 
fer  in  the  other  three  asRuMb  derivatives  fall  well  below  0.01  s'l 
at  25°C  (the  closest  His-heme  distances  are  19  A  (His-116),  20  A 
(His-81),  and  22  A  (His-12)).  Examination  of  the  electron  trans¬ 
fer  properties  of  these  three  derivatives  is  being  extended  to 
include  experiments  in  which  the  reduction  potential  of  the  heme 
is  increased  by  selected  variations  in  axial  ligation.  Experiments 
also  are  underway  aimed  at  the  chai-acteri zation  of  (en)2RuL(His) 

(en  =  ethylenediamine;  L  =  H2O,  OH",  Cl")  derivatives  of  cytochrome 
c,  azurin,  and  myoglobin.  The  driving  force  for  Ru^'’"  to  Fe^'*' 

Tor  Cu^'*')  electron  transfer  should  be  tunab.te  over  the  range  0.1  - 
0.5  V  in  these  derivatives.  At  the  higher  driving  forces  it  may 
be  possible  to  obtain  intramolecular  electron  transfer  rates  for 
myoglobin  derivatives  in  which  the  ruthenium  complex  is  20  A  from 
'the  ferriheme. 
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METAL  CENTERS  AND  ELECTRON  TRANSFER  IN  CYTOCHROME  e  OXIDASE  AND  LACCASE 
B.G.  MaTmstrom,  Department  of  Biochemistry  and  Biophysics,.  University  of 
Goteborg  and  Chalmers  University  of  Technology,  Gbteborg,  Sweden. 

Cytochrome  c  oxidase  (EC  1.9. 3.1)  and  the  blue  oxidase,  laccase 
(EC  1.10.3.1),  couple  one-electron  transfers  from  reducing  substrates  to  the 
four-electron  reduction  of  O2  to  2H2O.  They  are  structurally  related  with  some 
metal  binding  domains  of  apparently  common  evolutionary  origin,  In  both  enzymes 
four  metal  centers  are  present  in  catalytic  units,  which  are  structurally  and 
functionally  asymmetric.  In  the  oxidized  proteins,  two  of  these  centers  are 
detectable  by  EPR,  namely  cytochrome  and  Cu?;*'  in  cytochrome  oxidase  and 
types  1  and  2  Cu2+  in  laccase.  The  EPR-detectaole  metal  ions  serve  as  the 
primary  acceptors  of  electrons  from  reducing  substrates.  From  these  metal 
centers  the  electrons  are  transferred  intramolecularly  to  the  EPR-nondetectable 
centers,  cytochrome  03  -  Cuo  and  the  type  3  copper  ions,  respectively.  The  EPR- 
nondetectable  centers  constitute  strongly  exchange-coupled  metal  pairs,  and  they 
are  the  62-reducing  sites  of  the  enzymes. 

The  structures  of  the  metal  centers  in  both  cytochrome  oxidase  and  laccase 
have  been  characterized  by  a  variety  of  spectroscopic  techniques  (optical,  EPR, 
ENDOR,  resonance  Raman  and  EXAFS)  and,  to  some  extent,  by  amino  acid  sequence 
comparisons.  Each  center  has  unique  structural  features  which  favor  its 
particular  role  in  the  catalytic  process.  The  structures  are  forced  upon  the 
metal  ions  by  the  overall  protein  conformation  through  a  rack  mechanism,  as  will 
be  discussed  in  some  detail  for  type  1  (or  blue)  Cu2+  centers.  The  three- 
dimensional  structures  of  two  single-site  blue  proteins,  plastocyanin  andazurin, 
have  been  determined.  The  metal  ligands  are  the  side  chains  of  two  histidine, 
one  cysteine  and  one  methionine  residues.  The  energies  of  the  d-d  transitions 
in  plastocyanin  show  that  the  CUN2SS*  site  is  more  than  70  kJ  mor^  ligand-field 
destabilized  above  an  optimally  stabilized  planar  Cu^'*'  site  by  the  protein  rack. 
The  high  reduction  potentials  and  the  facile  outer-sphere  electron  transfer 
kinetic  properties  are  directly  related  to  this  rack  destabilization.  Variations 
in  the  reduction  potentials  between  different  blue  proteins  can  also  be 
explained  by  rack-induced  bonding.  There  is  a  linear  relationship  between 
ligand-field  strengths  and  electron-transfer  enthalpies.  This  suggests  that  the 
potentials  are  tuned  by  changes  in  tt  back  bonding,  which  would  lead  to  different 
degrees  of  preferential  stabilization  of  the  reduced  (Cu(I))  state.  Sulfur 
ligands  are  obvious  candidates  for  this  rack-induced  -n  bonding.  As  the  S(met)- 
Cu  and  S(cys)-Cu  bonds  are  made  shorter,  the  reduction  potentials  increase. 

ENDOR  and  resonance-Raman  results  show  that  the  Cu-S  interactions  do  become 
stronger  with  increasing  electron-transfer  enthalpies,  as  the  model  predicts. 

Amino  acid  sequence  studies  indicate  that  the  coordination  structure  of  Cuy\ 
in  cytochrome  oxidase  is  related  to  that  of  blue  sites.  They  also  suggest  that 
Cub  typs  3  Cu^'*'  in  the  bimetallic  sites  have  similar  structures.  This  is 
supported  by  EPR  and  ENDOR  spectra,  which  show  that  in  both  sites  there  are 
three  protein  N  ligands  with  H2O  or  OH"  as  the  fourth  ligand.  The  reduced  bi¬ 
metallic  centers  react  rapidly  with  O2  to  form  peroxide  intermedisfes.  These 
are  further  reduced  in  two  consecutive  one-electron  reactions.  The  paramagnetic 
intermediates  formed  on  addition  of  the  first  electron  are  suggested  to  have 
the  following  structures:  [Cu?+  -  OH"  •••  0  =  Fef'*']  in  cytochrome  oxidase  and 
[Cu2+  -  0"  —  Cu^'*']  in  laccase.  *^3 

Electron-transfer  in  cytochrome  oxidase  is  coupled  to  .proton  translocation 
from  the  matrix  to  the  cytosol  side  of  the  inner  mitochondrial  membrane.  It  is 
suggested  that  this  coupling  involves  a  confdrmauional  change  triggered  by  the 
reduction  of  cytochrome  a  and  Cu.  and  monitored  as  an  increased  rate  of  binding 
of  HCN  to  oxidized  cytochrome  0:3.  The  coupling  process  will  be  described  as  an 
essentially  kinetic  phenomenon.  It  is  suggested  that  rapid  electron  transfer 
from  the  primary  acceptors  tb  the  Oo-reducing  site  can  only  take  place  in  a 
protonated  form  of  the  oxidase. 
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ST.RUCTORAL  STUDIES  O.'l  THE  CARBOHYDRATE  CHAINS  OF  GLYCOPROTEINS. 

Johannes  F.G.  Vliegeri chart  and  Herman  van  Kalbeek,  Department  of  Bio-Organic 
Chemistry,  University  of  Utrecht,  Croesestraat  79,  Utrecht,  The  Netherlands 

Glycoproteins  represent  a  class  of  biopolymers  consisting  of  a  polypeptide 
backbone  having  one  or  more  covalently  bosind  carbohydrate  chains.  The  linkage 
between  sugar  and  protein  can  be  N-glycosidically  by  attachment  to  the  amide 
group  of  asparagine  or  0-glycosidically  by  attachment  to  the  hydroxylgroup  of 
hydroxy  amino  acids.  The  carbohydrate  chains  exhibit  a’  large  variation  in  primary 
structure. 

Several  factors  complicate  the  determination  of  the  primary  structure  of  the 
carbohydrate  chains  of  glycoproteins.  In  particular  the  occurrence  of  more  than 
one  carbohydrate  chain  which  may  be  K-  or  0-glycosidically  bound  to  the  protein, 
in  conjunction  with  their  natural  or  artificially  introduced  (micro) hetero¬ 
geneity  makes  it  almost  impossible  to  analyse  the  carbohydrate  chains  at  the 
level  of  the  intact  macromolecule.  Degradation  to  glycopeptides,  oligosaccharides 
or  oligosaccharide-alditols  is  necessary. 

For  the  analysis  of  the  0-linked  mucin  type  of  glycoprotein  carbohydrate 
chains,  oligosaccharide-alditols  obtained  after  alkaline  borohydride  degradation 
are  very  suitable.  After  separation  and  purification  the  oligosaccharide-alditols 
are  amenable  for  structural  analysis.  In  the  past  few  year?  we  have  had  the 
opportunity  to  demonstrate  tliat  high-resolution  ^H-NMR  spectroscopy  at  500  MH2,in 
combination  with  sugar  analysis,  is  an  extremely  powerful  method  for  primary 
structural  characterization  of  such  oligosaccharide-alditols.  The  structural- 
reporter-group  concept,  used  to  translate  a  ^H-NMR  spectrum  of  an  oligosaccharide 
into  the  primary  structure  [ij,  enables  to  define  the  core,  backbone  and 

feripheral  portions  of  the  structures  in  a  rapid  and  non-destructive  way  (e.g. 

2-4J  ),  Moreover,  ^H-NMR  allows  the  adequate  analysis  of  mixtures  of  structur¬ 
ally  related  oligosaccharide-alditols  (2] .  Therefore  it  can  cope  with  micro¬ 
heterogeneity  to  a  considerable  extent.  For  primary  structural  analysis,  about 
20  nanomoles  of  compound  are  sufficient. 

The  mucin  type  of  oligosaccharide-alditols  have  GalNAc-ol  as  the  common 
element.  It  can  be  extended  to  different  types  of  cores.  A  substituent  can  be 
present  at  position  3  and/or  position  6.  At  C-3,  f-Gal  or  6-G1cNAc  may  be  found, 
whereas  at  C-6  g-GlcNAc  or  a-NeujAc  can  occur.  By  consequence  8  different  core 
structures  can  in  principle  exist.  Recently,  the  existence  in  nature  of  all  types 
could  be  demonstrated  and  they  were  unambiguously  characterized  by  hl-NMR.  The 
structural  reporter  groups  of  GalNAc-ol  reflect  the  substitution  pattern.  The 
backbone  usually  consists  of  8-Gal  and  8-GlcNAc  residues  linked  l->-3  or  l->-4.  In 
one  chain  these  both  types  of  glycosidic  linkages  may  occur.  Immunodeterminants 
are  often  present  in  these  carbohydrate  chains.  They  are  extensions  of  the  back¬ 
bone  and  occupy  terminal  positions  in  the  molecule.  Fuc  and  Neui;Ac  are  frequently 
occurring  constituents  of  such  determinants.  Especially  the  peripheral  parts  of 
these  compounds  can  readily  be  identified  on  the  basis  of  the  structural  reporter 
group  concept. 

In  case  when  5  to  10  millimoles  of  a  pure  oligosaccharide-alditol  can  be  made 
available,  more  advanced  NMR  techniques,  e.g.  two-dimensional  J-resolved  and 
correlated  spectroscopy  allow  insight  to  be  gained  into  its  solution  conformation. 
Knowledge  of  the  spatial  structure  is  essential  to  understand  recognition 
phenomena  at  the  molecular  level. 
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UNIFIED  MOLECULAR  MECHANISM  FOR  GELATION  IN  POLYSACCHARIDE  SYSTEMS 
0.  Smidsr<ad,  Institute  of  marine  biochemistry.  The  Norwegian 
Institute  of  Technology,  Trondheim,  Norvray. 

Many  polysaccharides  are  potent  gel  formers  vrith  a  wide  variety 
of  uses  inside  the  food  and  pharmaseutical  industries,  and  with 
large  potentials  for  uses  in  modern  biotehcnology .  With  some  few 
exceptions  (e.g.  agarose,  galactomanhans)  all  the  gel  forming  poly¬ 
saccharides  are  polyelectrolytes  with  chain  conformations  and 
physical  properties  strongly  dependent  on  the  ionic  environment. 

Gel  systems  from  the  three  polysaccharides  alginate,  K-carrageenan 
and  Gellan  Gum  (an  extracellular  polysaccharide  elaborated  by 
?6zadomonai  e.lode.a)  have  been  studied  by  gel  strength  measurements, 
viscometry,  light  scattering,  osmometry,  polarimetry  and  NMR  in 
order  to  get  information  about  the  gel  structure.  In  all  three 
cases  the  salt  induced  physical  crosslinks  in  the  gel  network  are., 
due  to  side-by-side  aggregation  of  stiff  polymer  chain  sections. 

In  alginate  the  stiffness  is  inherent  in  the  chain  due  to  diaxial 
glycosidic  linkage.  In  tc-carrageenan  a  single  helix  with  a  strong 
tendency  for  association -is  formed  prior  to/or  simultaneous  with 
the  chain  association.  In  Gellan  Gum  chain  stiffening  occur  during 
the  association  reaction.  All  three  systems  show  strong  ion  spesi- 
ficity  in  the  association  reaction.  In  alginate  and  K-carrageenan 
this  may  be  correlated  to  an  ion-selective  interchain  sitebinding 
of  counterions-.  In  Gellan  Gum  there  are  no  indicatic.ns  of  site¬ 
binding  of  counterions  inside  the  Group  I  cations,  in  spite  of  a 
marked  ion-specific  gelation  with  such  cations.  This  suggest  that 
the  state  of  hydration  of  the  counterions  must  be  considered  in 
addition  to  the  possibilities  for  site-binding.  Our  limited  know¬ 
ledge  of  the  chain  conformation  in  the  junction  zones  does  not 
permit  a  detailed  discussion  of  the  role  of  the  counterions  in  the 
association  reaction,  but  it  may  be  suggested  that  the  degree  of 
dehydration  is  different  in  the  three  polysaccharide  systems. 


SPATIAL  CONFOimTiON  AND  MOLECULAR  BIOLOGY  OF  GLYCOPROTEINS 

J.  Montreuil,  Laboratoire  de  Chimie  Biologique  (LA  CNRS-217),  Universite  des 

Sciences  et  Techniques  de  Lille  I,  Villeneuve  d'Ascq,  France. 

Glycoproteins,  which  result  from  the  covalent  linkage  of  a  sugar  moiety 
called  gtijcan  with  proteins,  have  acquired,  a  great  importance  in  the  15  past 
years  thanks  to  a  series  of  discoveries  demonstrating  the  role  played  by  the 
carbohydrate  moiety.  In  fact,  we  knov/  now  that  glycans  1®)  influence  the 
conformation  of  peptide  chain  ;  2®)  protect  the  protein  against  proteolytic 
attack  ;  3®)  diminish  the  immunogenicity  of  proteins  ;  4®)  are  receptor  sites 
for  viruses,  proteins  and  hormones  ;  5®)  regulate  the  catabolism  of  circulating 
proteins  and  determine  the  lifetime  of  proteins  and  cells  ;  6®)  control  the 
social  life  of  cell  by  intervening  in  intercellular  adhesion  and  recognition 
and  in  cell-contact  inhibition.  In  this  connection,  the  profound  modifications 
of  the  glycan  structures  observed  in  cancerous  cell  membranes  could  be  a  factor 
of  Ccsncer  induction  and  metastatic  diffusion. 

Taking  advantage  of  the  knowledge  of  the  primary  structure  of  glycans,  v;hich 
will  be  briefly  reviewed,  the  e^ove  points  will .be  envisaged  on  the  basis  of  the 
spatial  conformation  of  glycans.  Concerning  the  latter,  we  shall  appreciate  the 
evolution  of  ideas  which,  at  the  beginning,  were  speculative  and  resulted  from 
the  molecular  model  construction  of  the  human  serum  transferrin  biantennary 
glycan.  A  "Y-conformation"  was  first  proposed.  A  few  later,  on  the  basis  of  X- 
ray  diffraction,  the  "T-conformation"  was  suggested.  Then,  the  "bird-conformation 
was  described  which  spreads  the  2  antennae  in  opposite  direction.  This  view  was 
supported  by  computer  calculations.  X-ray  diffraction  and  NMR  spectroscopy. 

The  y-,  T-  and  bird-conformers  are  interconvertible  as  demonstrated  by  EPR 
of  spin-labelled  glycans,  by  using  NMR  techniques,  including  two-dimensional 
Ifl- nuclear  Overhauser  effect  (NOB)  experiments.  The  fundamental  role  of  the 
mannotriose  core  in  the  conformation  of  glycans  has  been  recently  pointed  out 
by  Carver  et  al.  who  demonstrated  by  using  proton  NMR  that  the  trisaccharide 
has  two  preferred  conformers  with  variability  occurring  mainly  at  the  1,6- 
linkage  :  a  linear  structure,  leading  to  the  bird-conformation  and  a  bent 
structure,  leading  to  a  "broken  wing-conformation"  in  which  the  a- 1 ,6-antenna 
is  folded  back  along  the  di-N-acetylchitobiose  residue  of  the  innercore  chiefly 
in  the  case  of  the  presence  of  a  bisecting  GlcNAc  residue.  The  bird-conformation, 
as  well  as  the  concept  of  the  mobility  of  antennae,  is  in  a  good  agreement  with 
the  reactivity  of  lectins  by  rendering  accessible  any  specific  sugar  structure, 
and  with  the  activity  of  glycosyltransferases  by  making  attainable  the  substitu- 
able  hydroxyl  groups,  even  in  the  case  of  penta-antennary  structures. 

On  the  basis  of  the  bird-conformation  of  a  biantennary  glycan,  the  construc¬ 
tion  of  the  molecular  model  of  tetraantennary  structure  leads  to  the  so  called 
"umbrella-conformation"  in  which  the  four  antennae  are  disposed  almost  perpen¬ 
dicularly  in  the  same  plane  and  parallel  to  the  protein  surface  with  which  they 
can  interact  and  link  by  ionic,  hydrophobic  and/or  hydrogen  bonds. 

This  speculative  concept  has  been  recently  confirmed  by  NMR  and  computerized 
hard-sphere  molecular  modelling  and  by  neutron  scattering  study.  So,  tri-  and 
tetraantennary  glycans  could  mask  large  parts  of  the  protein  moiety  due  to  the 
face  that  each  of  them,  in  adopting  an  umbrella-conformation,  covers  an  area  of 
about  2.000  A^.  So  could  be  explained  the  resistance  of  certain  glycoproteins 
towards  proteases  and  their  weak  antigenicity,  glycans  acting  as  protective 
shields  towards  the  proteases, and  their  weak  antigenicity,  glycans  acting  as 
protective  shields  towards  the  protein  moiety.  This  view  could  lead  to  the 
explanation  of  the  peculiar  behaviour  and  resistance  of  metastatic  cancerous 
cells  since  we  know  now  that  the  membrane  glycoproteins  of  this  kind  of  cells 
are  significantly  enriched  in  tri-  and  tetraantennary  glycans. 

RzvZei»i  :  1)  Montreuil  J.,  1980,  Adv.  Carbohydr.  Chem.  Biochem. ,  37,  157-223  ; 

2)  Montreuil  J.,  1982,  Comprehensive  Biochemistry,  19B,  Part  II,  1-188  j 

3)  Montreuil  J. ,  1983,  Biochem.  Soc.  Trans.,  11,  134-136. 
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WATER  MOVEMENT  THROUGH  CHANNELS  IN  LIPID  BILAYERS  MD  CELL  MEMBRANES. 

A.  Flnkelsteln,  DepartroenC  of  Physiology  and  Biophysics,  Albert  Einstein  College 
of  Medicine,  Bronx,  New  York,  11. S. A. 

The  only  direct  data  on  the  water  permeability  coefficients,  Pf  and  Pd(H20), 
of  "biological-like"  channels  comes  froa^ studies  on  Che  channels  formed  in 
planar  lipid  bllayet  membranes  by  gramicidin  A  and  Che  polyene  antibiotics 
nystatin -and  amphotericin  B.  This  lecture  reviews  these  data,  along  with  water 
permeability  measurements  on  unmodified  lipid  bllayer  membranes,  and'  uses  them 
to  infer  the  magnitude  of  water  transport  through  channels  in  plasma  membranes. 

In  unmodified  lipid  bilayers,  Pf/Pd(H20)  =1.  Water  traverses  the  bilayer 
by  a  solubility-diffusion  mechanism;  the  magnitude  of  the  water  permeability 
coefficients,  which  is  a  function  of  acyl  chain  lengths,  their  degree  of  satura¬ 
tion,  sterol  content,  and'  temperature,  varies  from  a  low  of  2  x  10”5  cra/sec  to  a 
high  of  10“^  cm/sec.  These  values  span  almost  the  entire  range  reported  for 
nlasma  membranes. 

Nystatin  and  amphotericin  B  form  channels  (pores)  of  approximately  4A  radius 
that  manifest  classical  sieving  properties  for  small  nonelectrolytes  up  to  the 
size  of  glucose  and  in  which  Pf/Pd(H20)  3.  Interestingly,  these  polyenes 
form  two  types  of  channels  which  we  have  dubbed  "single-length"  and  "double¬ 
length"  channels.  The  double-length  channel  is  formed  by  two  "barrels" 
hydrogen-bonded  end7to-end,  with  each  barrel  consisting  of  8  to  10  nystatin  (or 
amphotericin  B)  monomers  arranged  circumferentially,  as  staves.  The  single- 
length  channel  has  essentially  the  same  structure,  except  that  only  one  "barrel" 
spaas  the  bilayer  to  form  a  functional  channel.  Apparently,  there  is  enough 
flexibility  in-  bllayer  thickness  for  the  same  bilayer  to  accomodate  both  types 
of  channels,  even  though  they  differ  in  length  by  a  factor  of  two.  Gramicidin 
A,  in  contrast  to  nystatin  and  amphotericin  B,  forms  channels  of  only  2A  radius 
that  exclude- urea  and  all  other  larger  nonelectrolytes.  Despite  its  smaller 
radius,  Pf/Pd(H20) ■«  6  for  the  gramicidin  A  channel.  This  larger  value  is  a 
consequence  of  single-file  transport  of  water  in  the  2A  radius  channel:  for  a 
channel  in  which  water  undergoes  this  mode  of  transport,  Pf/Pd(H20)  =  N,  where  N 
is  the  number  of  water  molecules  in  the  channel.  N  can  also  be  determined  from 
alectrokinetlc  measurements  (streaming  potentials  and  electro-osmosis),  because 
single-file  transport  of  both  ions  and  water  imposes  an  obligatory  coupling  of 
the  movement  of  all  N  water  molecules  within  the  channel  to  the  transport  of  an 
ton  through  the  channel. 

Combining  macroscopic  water  permeability  measurements  with  single  channel 
conductance  data,  one  can  determine  Pf  per  channel  for  nystatin,  amphotericin  B, 
and 'gramicidin  A  channels.  The  values  are  in  surprising  agreement  with  those 
calculated'  from  a  naive  application  of  Polseuille's  Law.  Applying  these  results 
to’  channels  -in  plasma  membranes.,  I  conclude  that  there  are  too  few  channels  in 
most  plasma  membranes  to  provide  the  major  pathway  for  water  movement;  by  impli¬ 
cation,  most  water  movement  across  plasma  membranes  occurs  through  their  lipid 
bllayers.  An  important  exception  is  the  antidiuretic  hormone  •(ADH)-induced 
water  permeability  pathway  in  the  luminal  membrane  of  toad  urinary  bladder  and 
cortical  collecting  tubules,  which  is  formed  by  channels  specifically  permeable 
to  water.  These  channels,  like  those  formed  by  gramicidin  A,  are  so  narrow  at 
some  place  along  their  length  that  single-file  transport  must  occur  there. 

Unlike  gramicidin  A  channels,  however,  ADH-lnduced  channels  have  an  Immeasurably 
small  conductance,  implying  a  very  low  permeability  to  ions.  A  comparison  of 
water  and  nonelectrolyte  permeability  with  ion  permeability,  for  the  channels 
considered  in  this  lecture,  Illustrates  the  dominant  role  electrostatic  forces 
play  in  the  latter  and  hence  the  difficulty  in  determining  channel  size  from 
single-channel  conductance  measurements.  For  example  ,  although  the  radius  of 
the  amphotericin  B  channel  is  larger  than  that  of  the  gramicidin  A  channel,  its 
conductane  is  40-fold  smaller«  This  dlsp.arlty  between  channel  radius  and  ion 
premeability  is  particularly  striking,  since  neither  channel  contains  charged 
groups  in  its  lumen. 

t 


197 


Thureday  02  August  Congress  Centre-First  Flogr  Posters  001 -006 

Posters  oii  Cross-Bridge  Mechanisms  and  Muscle  Contraction 


001  ORAL-PRESENTATION 

AKCLE  OF  ACTIVE  SITE  OF  MYOSIN  EEADS  IN  CONTEACTINC 
HUSCtE  DURING  SUDDEN  LENGTH  CHANGE  T.  YANAGIDA. 
Dep'artocnt  Biophjaical  Engineering,  Osaka  University, 
Toyonaka,  Osaka,  Japan. 

Xn'Buscle,  oyosin  cross-bridges  undergo  an  cyclic 
Intersctioo  vith'F-actln  coupled  with  ATP  hydrolysis. 
The  sliding  force  is  believed  to  be  generated  by  the 
cross-bridges  in  the  attached  state  but  their  detailed 
structure  has  not  been  -sufileiently  elucidated. 
Investigating  the  structure  of  working  cross-bridges 
requires  clarification  of  the  correlation  between  thc- 
struccural  state  and  the  chcelcal  state  of  the  ayosin- 
nuclcotide  cosplex  and  of  the  dynasic  structure  of  the 
cross-Vidges  by  tlee-resolved'seasureacnts.  This 
study  used  s  fluorescent  ATP  analogue,  NVetheno-X-asa-Al? 
(£-2raza>ATP}.  Its  fluorescence  is  considerably  enhanced 
upon  binding  with  heavy  eeroayoaln  and- the  enhanceaent  is 
dependent  of  the  cheaicel  state  of  ayoaln-nucleotide 
coaplex.  1  show  here  that  touod  nucleotides  in  the 
incerinediate'State  (probably,  sccoayo8ln-£-2r32a-ADP-Pi) 
of  the  cross-bridge  cycle  In  laosetrically  contracting 
euscle  are  highly  oriented  relative  to. the  P-eetln  axis  at 
the  saae  angle  as  that  in  rigor  with'  r-2-8za-ADP  and 
furtheraore  that  the  orientation  of  the  bound  nucleotides 
is  not  altered  during  sudden  changes  in  the  length  of 
isoaetrieelly  contracting  ausclo.  The  present-results 
indicate  that  an  orientation  of  the  active  site  of  the 
syosin  head  reaains  unchanged  during  the  force  generation. 
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IKS  STilUCTUHE  O'J  LARTF><0R3i  HEART  1:USC12. 

•CV  Pftl  and  P.K.  Dinda»  Pcptt.  of  Soology .Calcutta 
University,  CaICUTTa  700  ,019,  D.DIA. 

On  the  evolutionary  scale  the  invertebrate 
cardiology  is  hardly  exhaustively  surveyed  and  un¬ 
derstood.'  The-  structural  csodulatlons  of  the  various 
subayetCDs  of  the  heart  au'scles  of  the  carthroras 
(PheretlPft  posthuaa)  include  the  oblicue  striaticna 
contractile  proteins,  orrangesent  of  the  ^bodice, 
diatributich  of  the  tuhulo- vacuolar  profiles,  aito- 
chondriai  etc*  BaGentially.  these  euscle  cells  are 
of-  circosyarian  type*  where  the  striations  or  bands 
criss-cross  diogonally  with  awa»8  of  oitochondria 
plaoed)at  the  periphery*  The  narrow  tubular  oye- 
teea  regularly  alteniate  with  the  2^bodies  along 
the  long  axis  of  the  cell.  The  aurperfieial  vacuo¬ 
lar  fields  lying  close  to  the  saroolc^a  are  quite 
extensive.  The -contractile  apparatus  is  forced  of 
both  thick  and  thin  eyofllojaents  aeasurlng  300-400^^ 
and  60&  in  thiokneos  respectively.  The  ratio  betw¬ 
een  thin  and  thick  oyofllaaents  is  about  16*  The 
thick  oyofllaaents  taper  at  bctU.end8*  Ve  have  not 
seen  a  Golgi  body*  Glycogen  partlolos  are  scarce* 
A'c'arked  presence  of  collagenous  septus  or  parti¬ 
tion  between  s.one  of  the  ousole  cells  of  Pheretlnn 
i>08thuoa  has  been  observed;  Apparently  these  ous- 
cles  are  closer  to  those  of  arthropods*  ooliuscs 
and  echinoderos*  but  overoiopllfled* 
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ANALYSIS  OF  OPTICAL  DSTPACTiaS’  PATTBftJJS  OF  ISOLATED  SIKCLS 
SnSLSTAL  MUSCLE  FIBSES 

J.C.  Hv&r.q.  Y.H.  Cheuaq  and  A.F.  Leuns,  Department  of 
Physiolosy, -Faculty  of  Medicine,  university  of  Hong  Kong,  5 
Sassoon  Road,  Hong  Kong  and  Department  of  Physics,  The 
Chinese  University  of  Hong  Kong,  Shatin,  Hong  Kong. 

Piffractions  of  a  nomally  incident  laser  be»a  hy 
single  skeletal  ausule  fibres  of  frog,  were  projected 
directly  onto  photographic  files.  Individual  substntetures 
within  each  diffraction  order  were  clearly  resolved.  The 
intensities  of  the  substructures  increased  uniforaly  when 
the  bathing  solution  became  hypotonic  and  decreased  again 
uniforoly  when  the  solution  becaae  hypertonic.  Hovever,  the 
pattern  of  the  substructures  remain^nearly  constant  in 
different  solutions.  The  meridional  intensity  variations 
with  different  bathing  solutions  could  be  used  to  sonitor 
the  cross-sectional  areas  of  the  fibre.  The  equatorial 
intensity  variations  allowed  estiaation  of  the  oyofibrillar 
diameters.  In  experisents  where  the  aeridional  intensities 
of  different  diffraction  orders  were  acasured  <md  the  eyohl- 
brillar  diameters  determined  in  different  solutions  but  for 
the  same  illuminated  spot,  the  intensity  of  each  diffraction 
order  increased  nearly  with  the  fourth  power  of  myofibrillar 
diameter.  The  constancy  of  the  difftaction  substructure 
pattern  in  different  bathing  solutions  and  the  meridional 
intensity  variations  with  myofibrillar  diameters  rule  out 
the  existence  of:large  discrete  diffraction  planes  in  auscle 
fibres  seem  to  favor  a  model  in  which  the  myofibrillar 
registers  are  rand^aized. 
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LIMITED  TKIPTIC  FRAGMENTATION  OF  BOVINE  CARDIAC  TROPONIN  C. 
W.D.  HcCubbln  and  C.M.  Kay,  MRC  Croup  In  Protein  Structure 
and  Function,  Deparcaent  of- Biochemisiry,  University  of 
Alberta,  Edaionton,  Canrda  TbC  2H7. 

Tryptic  digestion  of  bovine  cardiac  troponin  C  has  been 
carried  out  both  in  the  presence  and  absence  of  Ca^^  (TR-C 
and  TR-E  fragment*  respectively,'.  TR-C  fragments  (MU'  -IIK  to 
6K)  resulted  from  a  digestion  time  of  1  hour  at  an  enzyme  to 
protein  ratio  of  1:100  in  the  presence  of  2aM  Ca^^  at  21*C. 

A  mixture  of  TR-E  peptides  (MW  *UK  to  6K)  was  generated 
from  a  3  minute  digestion  with  the  enzytae  at  a  ratio  of 
1:500  ac  23*C.  The  resulting  peptides  in  both  cases  ucru  pu¬ 
rified  by  a  combination  of  gel  filtration,  hydrophobic  inter¬ 
action  chromatography  on  Phenyl  Sepharosc,  and  in  some  cases, 
by-preliminary  HPLC  on  reverse-phase  supports.  Purity  was 
zaonUored-by  SDS  and  SDS/urea  PAGE  and  amino  acid  analysis. 
CD  and  fluorescence  studies  monitored  the  ability  of  these 
peptides  to  bind  Ca^^  and  to  interact  with  cardiac  TH-T  and 
TN-I.  Certain  of  the  fragments  containing  cystein«>  residues 
have  been  labelled  with  a  thiol-specific  fluorescent  probe 
and  Che  resulting  derivatives  have  proved  very  useful  in 
measuring  Ca^f-  affinity  and  the  binding  of  cardiac  TN-I  and 
TN-T.  These  latter  proteins  have  also  been  labelled  specifi¬ 
cally  at  thiol  functions  and  the  binding  to  the  cryptic  pep¬ 
tides  monitored.  Tryptic  cleavage  of  cardiac  TN-C  results  in 
a^Dorc  complex  mixture  of  peptides  than  is  found  with  the 
skeletal  protein,  but  here  too  the  large  peptide  fragments 
retain  many  of  the  properties  of  the  intact  protein  motile. 
(Supported  by  Medical  Research  Council  of  ^nada  and  Alberta 
Heritage  Foundation  for  Medical  Research) 
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MODOIATION  OP  CA^^-LO^^UJC  VIA  K-CHANNBLS  IN  THE 
MEMBRANES  OP  SARCOPLASMIC-RETICULUM 

R.H.A.  Fink  £  D.G,  Stephenson,  Department  of  Zoology,  La 
Trobe^University,  Melbourne,  Victoria,  Australia. 

selective  channels  have  recently  been  found  in 
s^copla^c  rcti^lum  (SR)  c^rancs,  and  it  has  been  sho^ 
that  they  can  be  blocked  with  a-aminopyrldine  (4AP)  and  other 
substances.  In  mechanically  skinned  fibres  of  arphlbian 
ilioflbularis  nusolo  (Eufo  marinus)  wo  used  blockers  of  SR-K- 
channels  as  a  tool  to  study  the  generally  unknovn-physlo- 
logical  function  of  these  channels.  The  preparations  with 
intact  SR  were  fully  loaded  at  pCa  $.S  and  Ca^^  was  then 
released  by  30  to  45mM  caffeine  in  a  solution  containing  0.7S 
to  l&M  EGTA.  B^riments  wore  performed  at  0.3-and  ImM  free 
AS  a  relative  measure  of  the  loaded  Ca^'*’  we  compared 
peak  tension  (P)  and  the  area  (A)  under  the  force  transient 
developed  by  the  fibres  during  Ca^^-rolcasc  in  the  presence 
or  absence  of  the  blockers.  Increases  up  to  60*  for  P  and 
60%  for  A  were  observed  after  loading  in  the  presence  of  4AP 
and  other  blockers.  Tartlal  substitution  of  K  by  the  less 
permeant  Na  ion  during  loading  also  increased  the  net  Ca^^ 
loaded  by  the  SR.  These  results  load  to  the  conclusion  that 
SR-K-channols  can  have  a  modulating  function  on  Ca^^ 
movesicnts  across  SR-membrancs. 

Supported  by  NH&MRC  (Australia)  and  ARCS. 
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HYDROPHOBIC  PROTEINS  AND  LIPIDS  IN  THE  MUSCLE  Z-DISC 
B.  Bullard*,  G,  Sainsbury2,  N,  Miller*  and  J,  Berrioan* 

*AFRC  Institute  of  Animal  Physiology,  Babrahao,  Cambridge 
U.K.,  ^Dept.  of  Zoology,  Oxford,  U.K.,  ^EMBL,  Heidelberg 
Germany, 

‘No  hydrophobic  proteins  (zcollns)  make  up  a  large 
proportion  of  the  Z-disc;  the  capacity  of  zccltns  to  fora 
cross  links  between  actin  filaments  in  the  Z-disc  is  being 
investigated.  The  proteins  have  the  aalno  acid  composition 
of  Intrinsic  eccbranc  proteins  and  are  insoluble  in  aqueous 
solutions.  Micelles  that  are  mUclblo  with  water  jre 
formed  under  certain  conditions.  The  aiccllcs  are  60  na 
in  diameter  and  are  made  up  of  subunits;  they  are  similar 
to  stnicturcs  fo  d  by  amphiphilic  acabrano  proteins. 
G-actin  binds  to  the  hydrophilic  surface  of  the  micelles 
obscuring  the  subv^nit  structure,  Iho  Z-disc  has  8k  lipid, 
the  composition  of  which  differs  from  the  composition  of 
myofibriliar  lipid.  The  particular  lipids  in  the  Z-dl$c 
nay  be  associated  with  the  hydrophobic  region  of  zeelins 
and  may  regulate  the  calcium  activated  proteaso  which 
degrades  the  Z-disc. 

Financed  by  a  grant  from  the  Muscular  Dystrophy  Group  of 
Great  Britain. 
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TK  JiEUTIOS  BETCEEX  MYOFIBRIL  DYNAMICS  AND  CROSS-ERIDOE 
KOTIOTb.  K.  BeroviCf  R.A.  Thorhhill«  Physics  Dc^artsent 
and  Zoology  Separeacn£>  University  o£  Birsin^haa, 
Birain$has,  U.K. 

Dynaaics  o£  tiyofibrils  is  exaained  by  eo^uter 
sisulation.  Ihe  syofibril  is  created  as  a  linear  chain 
of  evo  kinds  of  bodies  H  and  A,  consistinB  ^osin  and 
accin  frlasencs  respectively. 

The  interaction  potential  between  M  and  A  is 
constructed  on  the  basis  of  filaaent  nolccular  structure 
and  the  anharaonicity  of  the  potential  is  taken  inco 
aceotinc.  If  a  randoa  energy  input  is  included  in  che 
eouatiens  of  aociooi  the  results  reproduce  physiological 
phenccena  of  ausele  contraction.  The  exact  treatsenc  of 
the  sarcooere  dynasies  sakes  it  possible  to  establish 
quantitative  relationship  between  aaeroscopic  quantities 
such  as  force  and  shortening  velocity*  and*  aicroscopic 
paraaecers  like  che  cross-bridge-acein  potential  and 
rate  of  energy  input. 

Ve  obtain  a  consistent  interpretation  of  experisencal 
data  on  tise  resolved  X-ray  diffraction  (KUXl£Y)»  aobilicy 
of  crossrbridges  (TU>0^^AS)  and  stepwise  shortening 
(POLUCK) . 
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THIN  FILAXENT  X-RAY  DIFFRACTION  IN  CONTRACTINC  FROG  JTOSaE 
H.Xrets.  B.K^Hozley.  A.R.Fsfoql.  X.B.J.Koch  and  J.ncodrix 
XRC  Ub.  of  Mol.  Biol..  Ctabridge.  US 
and  EXBL  Ootstatlos.  Btaborg.  FRG 

Uaiag  syaehrotroo  radiation  as  an  high  lotanaity  X-ray 
soarca  the  pattern  given  by  contracting  live  frog  soscle 
eaa  be  followed  vltb  blgh  tlac  resolution.  The  so-called 
second  actls  layer  line  (181  X)  arises  froa  aoveaent  of 
tropoayosln.  Te  find  that  it  reaches  half  its  final 
intensity  17  as  sfter  the  stiaalas.  relatively  independent 
of  teaperatore.  The  ehangea  in  the  eqaatorlal  reflectlooa. 
which  ariae  froa  aoveaent  of  croasbrldges  towards  the  thin 
fllasents.  occur  14  as  later.  Is  overstretched  ausele. 
where  thick  and  thlu  fllaaeota  no  longer  overlap,  the 
reflection  appears  upon  atiaulation  with  slailar  tiae 
coarse  tad  intensity  as  in  full  overlap.  This. indicates 
that  tropoayositt  aoveaent  in  response  to  calelua  blading  to 
troponin  is  the  first  struetural  step  in  auseular  contrac¬ 
tion  and  not  Just  a  result  of  e7osln  binding.  Lastly,  the 
saae  Intensity  as  In  contracting  ausele  Is  seen  in  rigor, 
vhere  tropoayosia  is  probsbly  locked  In  the  active  position 
by  the  attached  crossbrldges.  The- 5^  X  layer  line  shows 
about  50  %  increase  during  contractiou.  This  is  only 
partly  due  to  labelling  by  attaching  erossbridgea.  as  the 
change  can  precede  the  eqaatorlal  ebaages  and  about  half 
the  change  is  still  present  in  overstretched  ausele.  IHe 
51 'X~ layer  line  doobles  its  intensity  during  coutraction. 
but  shows  BO  aajor  change  In  overstretched  ausele.  Both 
59  X  layer  line  and  second  layer -llae  revert  ahead  of  ten¬ 
sion  and  the  equatorial  ehauges. 
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LSTRACSXblAX  EFFECTS  OF  VERAPAMIL  (VP)  AND  OJLTlAZEH  (DT) 
at  RABBIT  .MlOCAROllM.  J.Y,  Su.  Departsent  of  Asestbeslology* 
thivefsity  of  Uashington,  Seattle.  KA  USA  ^ 

Dm  ic^ortance  of  intracellular  VP  on  the  Ca^*  charnel 
blocking  action  Sa  the  heart  has  been  reported.  In  this  study 
we'  investigated  the  effects  of  VT  snd  DT  (tertiary  aslnes)  oa 
Intracellular  sices  (concraecile  proteins  and  ssrcoplasslc 
iWciailta  (SR))  of.  che  cootrsctile  process  of  the  ausele  using 
functionally  skinr^  i^ocardlal  cells.  Papillary  oiscle  was 
isolated  froa  rabbles.  Pieces  of  the  a»cle  wen  hooogenized 
(sarcolesca  disrupted)  in  leljudng  solution.  A  fiber  bundle 
was  dissected  froa  the  hoaogenate  and  counted  on  a  photodi^ 
tension  crsnsducer.  The  bathing  solution  contained  0.1  cH  Hgt 
70  eM  xt  +  Ho*,  2  tH  XgATP^”,  15  til  creatine  {9tosphaCe*  pCa  *• 
-log  (Ca^*)CM)":9*  6, 5-5.0  buffered  with  0.05-7  s«  ECTA*  cethane- 
sulfooate  (tajor  anion),  pti  7.00  at  23*C  wlth  laidatpie  and  p  *■ 
0.15.  Hl^  ECTA  (7  bH)  was  u^  to  control  free  ICs^^J  to  study 
Ca^^-actlvated  tension  developocnt  of  the  contracclle  proteins. 
The  SR  in  the  fiber  bundle  was  loaded  with  then  caffeine 
was  used  to  release  the  Ca^^  froa  che  SR  resulting  in  a  tension 
transient.  Ue  found  that  VP  and  DT  (0.1-3.  cH)  Increased  che 
Bjwfaal  (3-202).  and  the  subcsaxiosl  Ca^^-actlvated  tension 
develofcenc  (0.25  pCa  unit  left  shift  of  the  pCa-tension  curve 
at  1  cH  VP  or  DT)  in  a  dose-dependent  i&tnner.  Botli  drugs,  at 
the  saae  dose  rwe.  directly  caused  relc^  froa  the  SR. 
and  decreased  Ca^^  upta)^  by  che  SR.  DT.  but  not  VP.  inhibited 
the  caffeine-induced  Ca^^  release  frra  the  SR»  It  is  concluded 
that  both  drugs  have  slailar  oechantsas  of  acclcn  on  the  con¬ 
tractile  proteins  and  the  SR  of  che  skinned  eyocardial  cells. 
Supported  by  grants  KL  20754  and  01100  (RCStA)  froa  NIH. 
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TBF  SPATIAL  ARRANGEMENT  OF  BOTH  HEADS  OF  THE  MYOSIN  KOLE- 
OLE  ON  RELAXED  TARANTULA  HUSaE  THICK  FILAMENTS. 

R.Padrgn.  R.A.  Crovthcr  and  R.  Craig.  KCR  laboratory  of 
Molecular  Biology.  Caebridge.  U.K. 

Ve  have  cade  a  three  dlcenslonal  Icagc  reconstruction 
froa  einlcal  dose  electron  cicrographa  of  negatively  stain¬ 
ed  relaxed  thick  fllasents  froa  the  leg  eusele  of 
tarantula.  Particles  were  selected  by  general  visual  apr 
pesrance  and  by  the  strengtK  and  syssetry  of  their  optical 
diffraction  patterns,  which  exteM  cerldionally  to  the  6th 
order  of  43.5  ns.  but  appear  to  show  peaks  to  higher  radial 
resolution.  Phase  differences  across  the  aerldian  indi¬ 
cated  4-fold  rotational  sys&etry*  so  chat  on  a  given  layer¬ 
line  Bessel  function  contributions  of  different  orders 
start  to  overlap  at  fairly  low  resolution,  and  oust  be  se¬ 
parated  cooputaclcnally  by  coeblning  data  froa  different 
views.  Independent  reconstructions  apree  veil  and  show 
acre  detail  chan  the  previous  reconstructions  of  chick  fll- 
asents  of  Liaolus  and  scallop.  The  strongest  feature  is  a 
set  of  long  pitch  (4x43.5  na)  right-handed  helical  ridges. 
There  arc  also  ridges  with  an  axial  spacing  of  14.5  na 
lying  in  planes  roughly  noraal  to  the  fllasent  axis  and 
running  circuaferentially.  He  suggest  that  the  latter  aay 
be  fonacd  by  the  stacking  of  an  SI  head  from  one  aj'osln 
Dolecule  on  an  $1  head  froa  an  axially  neighbouring  taolc- 
cule.  This  interpretation  aust  be  checked  by  further  work, 
but  it  does  suggest  that  sufficient  detail  is  present  to 
aake  it  vorthvile  to  undertake  biorhealcal  experiaents  to 
observe  structural  changes  in  the  filaaents. 
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CALDESMON  AND  MYOSIN  LIGHT  CHAIN  KINASE:  MAJOR  aLHODULIN- 
BINDING  PROTEINS  OF  SMOOTH  MUSCLE,  H.P.WaUh  and  P.K.  Ngai, 
Departoenc  of  Medical  Biocheaistry,  Univcrsxty  of  Calgary. 
Alberta.  Canada. 

Soooth  Buscle  (chicken  gizzard)  contains  tvo  tsajor 
calaodulin  (CaM)-binding  proteins  which  have  been  purified 
and  identified  as  ayosin  light  chain  kinase  (HLCK)  and 
caldesaon  (Cap),  Their  tissue  concentrations  were  estleated 
to  be  -*4  nM  and  -20  uM,  respectively,  by  dcnsitoeetric  sccn- 
ning  of  dodecyl  sulphate-polyacrylamide  gradient  gels  of 
tissue  homogenates.  Consistent  with  the  findings  of  cost 
investigators.  MLCK  (which  catalyzes  phosphorylacion  of  the 
20.000-daUon  light  chains  of  eyosin)  plays  a  central  role 
in  Ca^'^-zacdiaced  control  of  smooth  snjscle  contraction,  as 
shown  by  its  effect  on  the  actin-activated  ayosin  Mg2+- 
ATPase  activity  and  superprecipitation  in  a  systca  recon¬ 
stituted  froa  purified  contractile  and  regulatory  proteins. 
Myosin  phosphorylation  is  also  involved  in  the  regulation  of 
ayosin  filaaent  assesbly.  MLCK  and  CaD  both  interact  with 
F-actin;  however,  binding  of  CaD  to  F-accin  is  blocked  in 
the  presence  of  Ca2+-CaM.  CaD  does  not  inhibit  the  acti¬ 
vities  of  MLCK  or  cyclic  nucleotide  phosphodiesterase  (PDE; 
another  CaM-dopendent  enzyee),  suggesting  it  nay  interact 
with  C4M  at  A  site  distinct  froa  the  HLCK-  and  PDE-binding 
site.  Consistent  with  this  finding.  CaD  does  not  affect  the 
actin-activated  oyosin  Mg^‘*'-ATP4se  or  superprecipitation  »n 
a  reconstituted  system,  nor  does  it  affect  ayosin  filaaent 
asseably  induced  by  ayosin  phosphorylation. 

(Supported  by  MRC  Canada  and  the  Alberta  Heritage  Foundation 
for  Medical  Research). 
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Mechanical  properties  of  cross-bridges  in  saooth  muscle, 

K.L.  Stephens.  Dept.  Fhyaiol..  Faculty  of  Med..  Univ.  of 
Manitoba.  Winnipeg,  Manitoba,  Canada. 

Abrupt  load  clasping  of  isotonlcally  shortening  airway 
sbooth  eusclc  showed  stiffness  of  Its  series  clastic  cospo- 
nent  was  proportional  to  active  force,  hence  cross-bridge 
theory  was  applied  to  analysis  of  its  contraction.  During 
proloadcd  (S&N)  isotonic  shortening,  10  oN  clanps  wore  ap¬ 
plied.  In  early  shortening  (within  5  sec),  after  initial 
elongation,  shortening  redeveloped.  After  5  sec  no  shorten¬ 
ing  redeveloped.  The  5  sec  point  was  termed  transition  time 
<TT).  dP/dL  studies  at  4  sec  and  10  see  showed  the  same 
stiffness.  Wo  concluded  that  at  these  two  times  the  sane 
nuebers  of  cross-bridges  voro  involved,  those  in  early  phase 
cycling  at  normal  rate,  those  In  late,  cycling  slowly. 

Since  TT  Is  influenced  by  load,  the  experiment  was  repeated 
using  zero  loads,  and  a  zero-load  velocity  vs  time  plot  ob¬ 
tained.  analysis  of  which  shoved  maximum  zero-load  velocity 
(Vo)  developed  2  sec  after  stimulus  onset.  This  was  followed 
by  a  decline  which  was  fitted  by  two  exponential  terns: 

The  rjiie  constant  and  half-time  of  the 
rapid  ces^artment  were  ,413  +  .05  (SE)  and  1.86  sec  +  .21 
(SE)  respectively.  Those  for  the  slow  compartment  were 
.317  +  .D4'(SE)  and  2.36  sec  +  .24  (SE).  Ve  speculate  the 
rapld^compartment  reflects  normally  cycling  cross-bridges 
while  the  slow  represents  slowly  cycling  bridges,  the  equa¬ 
tion  peraits  us  to  quantitate,  for  any  given  momenti  the 
ratio  of  thu  two  types  of  bridges.  Thus  at  an  average  TT  of 
5  sec,  slowly  cycling  bridges  contributed  to  90.72  +  il.2 
<SE)  of  the  contraction. 
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iTHEOREIICAl  FRAIWHOFER  IIGHI  OIFfMCTlOX  PAIIERNS  CALCUUItl. 
niCM  3-C  SARCOXtPE  ARRAYS  IHAGEO  FROM  RESTIKG  HEART  CEILS. 
Ic.P.  Roos  and'A.F.  Leung*.  Oepartaent  of  Physiology,  UCLA 
School  of  Medicine,  Los  Angeles,  CA..  USA,  end  *Oepartsent  of 
Physics.  Chinese  University  of  Kong  Kong,  Shatin,  Hong  Kong. 

Discrete  sarcosere  positions  have-been  obtained  through* 
outthevbluses  of  cd1c1ia*to1erant  resting  heart  celts  by 
direct  cosputer  Interfaced  high-resolution  optical  ieaging 
(Roos  &  Brady,  Biophys.  d.,  40:233,  1982).  Each  sarccsere 
position  is- stored  in  a- 3-0  oatrix  array  frca  which  Fraunhof¬ 
er  light  diffraction  patterns  have  been  calculated  using  nua- 
erical  eethods  based  on  the- grating  equation  (Leung,  Cosp. 
Prog.Bfoaed.,  15:169,  1982).  Calculated  diffraction  patterns 
desonstrate  the  saM 'features  observed  In  real  resting  stria? 
ted  puscle.diffraction  patterns.  The  oain  correlated  features 
are:  1)  the  aeridional  layer  line  angular  separacton,d»  fol¬ 
lows  the  grating  equation;  2)  the  layer  line  intensities  de- 
crease  vith  increasing  order  nuaber  (0>1>2)  at  noi^l  inci¬ 
dent  angle,  w«0;  3)  there  are  left/right  intensity  asyccet- 
ries  in  the  1st  and  2nd  orders  at  u^O;  4)  the  Intensity  of  a 
given  layer  line  goes  through  a  eaxicua  as  the  incident  a.:g1e 
u  is  varied;  5)  the  left/right,  1st  and  2nd  order  o.^angular 
separations , of  these  eaxipa  corresoond  to  the  calculated 
Bragg  angle;  6)  the  layer  line  intensities  decrease-in  the 
equatorial,  direction;  7)  the  angular  layer IfnesepatHion, 
d,  varies  with  incident  angteu;  and.8)  so^e  fine  structure 
exists,  but  cannot  be  attributed  to  specific  groups  cf'-sarco- 
aieres  since  the  sarcoserc  length  distrfbucion  is  ra'ndoa. 

These  data  confirta  that  theoretical  calculations  can  predict 
real  causcle  diffraction  patterns  and  their  assysnetries. 
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MEASURMEMT  OF  LONGITUDINAL  AND  TRANSVERSE  STIFFtCSS 
OF  FROG  SKELETAL  MUSCLE  IN  RIGOR 
Y.Taaura.I.Hatta  and  H.Sugi.DepertsAsnt  of  Applied 
Physics, Faculty  of  Engineering, Nagoya  University, 
Nagoya  464, Japan. 

By  use  of  the  ultrasonic  pulse -method,  We  have  suc¬ 
cessfully  aeasured  the  longitudinal  an^  transverse 
cuscle  stiffness  at  rest  and  during  contractlort( 
Tanura  tt  al.,1982).  To  compare  the  stiffness 
values  between  the  activated  and  rigor  states,  the 
sartorlus  or  the  semitendinosus-muscles  oi  the 
bbllfrog(Rojta  Catesfeeianalwere  put  into  rigor  state 
by  tine  oe^<^  of  Mulvan^l975)  and  the  stiffV.ess 
measurements  with  ultrasonic  vaves(VMHz)  were 
perfortacd.  The  Increment  of  the  longitudinal  muscle 
stiffness  In  rigor  Was  almost  the  same  as  that  in 
daring  isometric  tetanus,  in  contrast  with  tetan', 
rtlzed  muscles  which  showed  a  decrease  in  the 
transverse  stiffness,  the  transverse  stiifness  In 
rigor  muscle  rose  to  a  value  similar  to  that  for 
the  longitudinal  stiffness.  The  longitudinal  muscle 
stiffness  of  rigor-muscle  did  not  change  apprecia¬ 
bly  when  the  force  in  them  was  varied  from  zero  to 
the  level  of  the  maximum  isometric  force  by  small 
length  stretch«2?J).  These  results  indicate  a 
definite  difference  between  the  cross-links  in 
tetanized  and  rigor  muscles. 
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WINTER  AND  SUMMER  FROG  SKELETAL  MUSCLE-OiFFERSNCE 
IN  REGURATION  MECHANISM  OF  MUSCLE  COriTRACTtON 
S.  Yoihino,  Depanment  of  Physics^  Nagcya  Unrvenity.  Chikusa  ku. 
Nigoya,  JAPAN 

Frog  mutde  h  one  of  the  widely  used  materiels' which  has  be^n 
used  for  nuny  kuxH  of  breskthrough  in  mutcle  science.  Temio.n 
devtlopntent  is  the  result  of  d^ical  reaction  caused  by  the  mteractiot. 
between  thin  end  thick  filaments  m  muscle.  Since  the  reaction  H  easily 
modifced  ^  temperature  change,  ur.fc^nately  for  polikilothcrmtc  frogs, 
tension  d^elopment  n^st  be  modified  by  surrounding  'te.mper3ture. 
especially  change  of  sea»nal  average  temperature  in  a  state  of  rsature> 
y/e  report  here  the  first  observation. about  tfU. difference  in  r^ratipn 
mechanis.n' between  winter  end  summer  frog-skeletal  muscle  fibres  by 
uM  of  an  etcctro-opticaj  effect  under  sinusoidal-  etecuic  field  Tropont-C 
on  thin  filament  of  winter  frog  skeletal  musde  has  Ca  Mg.  Ca  arid  Mg 
Ending  ^‘Us  the  same  as  rabbit  skeletal  muscle,  btr.  summer  frog  do»  not 
have  Mg  bindjng  sites,  only  Ca  and  Ca  Mg  binding  slM.  This  difference 
caused  only  ^  cultured  tempercture.  Temperature  deprodenca  of  thin 
niament  flexibility  suggests  the  following  facts;  since  musde  contractile 
proteins  have  a  fully.evalutionar/  structure,  if  tension  development 
becomes  lar^  than  normal  state,  the  thin  filament  breakes.  Smee 
winter  frog  musde  fibre  in  summer  develops  a  force  larger  than  in 
winter,  the  force  would  be  enou^  to  break  the  muse's.  Then  summer 
frog  must  save  the  force  generation  by  changing  the  reguration  mechanism. 
Frog  may  have  the  function  in  the  evolution  under'the  change  of  temf.era 
ture  on  the  eahh,  _ 
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riUKGXr  GMES  IK  KU5CLE  riSERG 

Takashi  Katsuda  and  Richard  J.  PcdclsXy,  ’»ab.  nf  Physical 
Biology,  NXABDK,  National  Institutes  of  Health,  Bethesda, 
r..  20205  ySA. 

We  have  recently  reported  that  lattice  spacing  and 
equatorial  intensity  X<,  of  skiruted  rabbit  P^s  cascle 
fibers  is  relaxed  state  decrease  sharply  when  pH  Is  changed 
frca  7.0  to  5.5,  and  shcwed-tliat  electrostatic  lattice 
shrinkage  and  the  thln^filaaent  lattice  disorder  are  closely 
linked  (Katsuda  and  Podolsky,  19B4,  Biophys.  J.,  U5:100ai. 

To  investigate  this  e^’ofilaisent  lattice  instability  further, 
the  lattice  was  corpressed  by  the  addition  of  Dextran  7500 
and  the  equatorial  patterns  were  taken  over  a  range  of  pH. 

The  loss  of  I.,  was  found  to  be  an  effect  of  pH  rather  than 
of  spacing.  Decrease  in  lattice  spacing  and'ihcrease  in 
thin  filasent  disorder  both  appear  to  be  caused  by  decrease 
in  fila.*aent  charge.  Electron  vilcroscopy  was  also  ubd  to 
visualize  the  filasent  array  at  various  pHs.  In  cross 
sections  froa  the  low  pH  (5.5)  relaxed  fibers,  the.  thin 
filanents  were  not  visible  in  the  A  band  and  they  clu:9ed 
in  the  I  band  (Rigor  fibers  at  pH  S.5.co>'.talned  noraal  thin 
filasents  t  the  trigonal  lattice  positions).  The  latt;.ce 
spa'clng  in  oicrographs  of  low  pK  fibers  was  about  25  \  less 
than  that  for  pH  7  fibers.  These  observations  arc  all  In 
reasonable  agreeaent  with  the  X-ray  data  of  layer  line  and 
equatorial  patterns.  In  relaxed  fibers,  lattice  stabili¬ 
zation  aechanisa  appears  to  be  electrostatic.  On  the  other 
hand,  the  thin  filanents  in  rigor  fibers  appear  to  be 
ordered  nainly  by  the  cross  bridge. 
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THE  EFFECT  OP  INTRACELLULAR  EGTA  UPON  CA  TRANSIENTS  IK  CUT 
SKELCTAL  MUSCLE  FIBFRS.  3.  Klbalet  and  M.  Delay.  Dept,  of 
Physiology,  Unlv.  of  California  at  Los  Angeles,  Los  Angeles, 
a  90024 »  USA. 

IhC'  role  of  Intracellular  Ca  buffers  upon  the  Ca  econosv 
of  cut  frog  skeletal  nuscle  fibers  was  studied  in 
preparations  diffused  with  either  of  the  aetallochrontc  Ca 
Indicator  dyes,  Arsenazo  III  or  Antipytylazo  IXI,  as -well  as 
with  concenctatidhs  of  the  Ca  butfee  ECTA.  varied  between  1.25 
and'IO  nM.  the  resting  pCa  was  Mlntalncd  near  7,  ar^ 
stlnulAtlon  vas  accoapllshed  by  voltage  clasp  pulse  or  action 
potential.  The  tins  constants  cliaracterlzing  the 
exponentially  falling  phase  of  the  Ca  signals  are  strongly 
dependent  upon  (EGTA)  for  both  dyes;  thus,  higher  EGTA  levels 
result  in  faster  reenvsl  of  Ca  froa  the  dye.  The  effect  of 
(ECTA)  upon  rescqueatratlon  of  Ca  by  the  sarcoplasaic 
reticulua-vas  studied  by  aonitorlng  Ca  signals-ellcited  by 
two  stlnull,  separated  by  a  variable  tlae  interval  (Mllcdi  ^ 
a^I.  J.  Physiol.  339:223,  1983).  As  the  incerstLkulus 
interval  is  increased,  the  Bognitude  of  the  second  Ca  signal 
recovers  to  the  control  value  in  two  phases,  a  fast  phase  to 
near  90Z  in  about  100-20U  as,  and  a  slower  phase  lasting 
about  1  aln.  Increasing  (ECTA) -decreases  the  aoount  of 
recovery  in  the  fast  phase,  suggesting  that  part  of  the  Ca 
bound  by  EGTA  is  Bade  inaccessible  to  rapid  uptake  by  the  SR. 
However,  the  tiae  constant  characterizing  Che  fast  phase  of 
recovery  is  relatively  little  affected  by  (ECTA);  this  Is 
^onslstent'-vlth  the  hypothesis  chat  the  reuptake  process 
llnvolves  <he  binding  of  Ca  to  a  high  affinity  site  before -It 
lean  contribute  to-cho  SR  Co  release.  (F.  Handel,  Biophys.  J. 
?5;3a.  1984). 
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OBSERVATIONS  OF  CROSS-BRIDCES  IN  STRETCHED  SKELETAL  MUSCLE 
FIBERS  BY  THE  FBEE2E-FRACTURE  METHOD. 

S.  Suzuki  and  G.H.  Pollack,  Division  of  Bioengineering,  WI>-i2, 
University  of  Vashington,  Seattle,  Washington,  USA. 

Electron  ntcroscopc  studies  by  a  nusber  of  investigators 
have  suggested  the  possibility  chat  the  cross-bridges  &ay 
fora  links  between  thick  and  chick  fllaaents,  coaparabTc  to 
H'brldgcs  (e.g.,  Hoyle  et  al.,  1973).  The  present  work  vas 
perfor&ca  to  doteratne  whether  such  thick-thick  interconnec¬ 
tions  could  be  oboerved  using  the  frocze-fracturo,  deep-etch, 
rotary  shadowing  acthod.  Mechanically  skinned  fibers  of 
frog  scaltcndlnosus  cuscle  were  stretched  tO' decrease  or 
ellDinato  the  overlap  between  chick  and  thin  fllaaents,  and 
were  then  frozen  rapidly  In  each  of  several  physiological 
states  using  a  dual  Jet  liquid  propane  device.  Freeze- 
frocture  replicas  were  obtained  with  a  Balzcrs^BAFTOl  freeze- 
etch  apparatus,  and  exaained  with  a  JEOL  IDOC  electron  alcro- 
scope.  Incorconnecctons  between  ihlek  fllaecnts  were  well 
observed  in  rigor  fibers,  and  so&etines  but  not  always 
observed  in  contracting  fibers  as  well  as  in  relaxed  fibers. 
Such  interconnections  were  rod-like,  and  their  diaensions 
were  about  60  A  In  diameter  (after  subtraction  of  shadow 
thickness)  and  300  -  350  A  in  length.  The  axial  periodicity 
of  the -interconnections  fitted  reasonably  well  with  expecta¬ 
tions  based  on  X-ray  diffraction.  The  for^tlon  of  inter¬ 
connections  bevvvsn  thick  filaments  may  aHse  out  of  chemical 
binding  of  oppo,'ed  cross-bridges  projecting  from  adjacent 
thick  filaments,  as  described  by  Morel  and  Carrig0S'(1982) . 
They  Bay  play  s  role  In  stabilizing  che-chlck  filament 
lattice. 
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localizatiom'op'-the  elastic  components  in  frog  - 
SKINNED  MUSCLE  FIBERS  ' 

H.  'Ugucfti  and  Y,  URiazuxae/  Departinont  of  Phy?iOlo- 
gy,  the  Jikoi  university  school  of  Medicine,  Tokyo 
iOS  Japan 

Localization- of  the  parallel  elastic  components  - 
(PECs)  in  a  skinned  nuscle  fiber  was  investigated 
by  analysing  the  change- of  the  resting  tension 
during  the  dissociation  Of  thick  and  thin  filaments. 
Thick  and  thin  fiXaicehts  were- dissociated  by  in¬ 
creasing  the  concentration  of  KCl  or  kl  in  a  relax¬ 
ing  condition.  The  length  of*  thick  filani^nts  was 
cstiraated  by  comparing  the  intensity  of  the  first- 
order  optical  diffraction  line  and  the  results  of 
model  calculation.  It  was  shown  that  the  resting 
tension  decreased  nearly  in  proportion  to  the 
shortening  of  thick  filaisents.  This  suggests  that 
the  PECs  bind  alx^st  unifo^ly  to  thick  filanencs. 

At  a  sarcomere  length  shorter  than  1.0  jim,  the 
resting  tension  after  the  dissociation  of  thick 
filaxQcnts-vas  lowered  to  less  than  lOt  of  an  ini¬ 
tial  value*  This  means  that  the  resting  tension  at 
a  physiological  sarcomere  length  laay  be  raaninly  as¬ 
cribed  to  the  extension  of  the  PECs  bound  to 
thlc)c  filaments.  But,  at  a  sarconore  length  longer 
than  5.0  the  resting  tension  after  the  dissoci¬ 
ation  of  thick  filaments  still  showed  about  35%  of 
an  Initial  valuo  and  did  not  change  after  the  diss¬ 
ociation  of  thin  filaments.  This  suggests  that 
there  also  are  PECs  connecting  2-lihes. 

021 

PARTICIPATION  OF  LC2  LIOhT  CHAIN  IN  IF.-E  CO.NFURXATION  OF 
ESSENTIAL  &0HAIK5  OF  FAST  SKELETAL  MVOSIN*  A  POSSIBl-E  FIIA* 

Hltrt  MEDIATED  KECriANISM. 

S.  Cardinaud  and  M.  Roux-Froay 

Service  Blophydlgue,  CEN/Saclay,  Clf  sur  Yvette.  France. 

In  the  presence  of  K(t*  fliSkaentt  pyosln  it  sleaved  by 
papain  according  to  two  slsultaneous  patterns  ;A)  200** 
177*,  Z7*  and-B)  00*.  AWed  ATP  or  AMP-PNP  stron¬ 

gly  inhloits  patr^rn  A.  With  aonoaerlc  ayosln  also  tvo  si- 
avltaneous  sch'“*es  ore  observed  s  6)200**110,  00*  and  C) 
200**335*,  Nucleotldco  hove  a  neglisible  effect  on 
cither  ('*'  *hcse  two  cleavage  reactions. Kiheties  of  light 
chain  cleavage*  confirm  a,  reaarkabke  difference  In  sensiti¬ 
vity  be,  ****  LCl  and  LC2  with  the  pxs>t«oIytlc  enzyw^ 
(R.C.lt^E)  E«r.  J.  Biochlw.  122,  527).  Trypsin  converts 
LC2  to  LC2*  UO  RDa)  vary^rapidly  but  further  cleavage  is 
strongly  inhibited  by  Mg^  in  the  filanent  and  is  also 
very  slow  in  nonooeric  s^osin  even  In  the  presence  of 
EDTA.Parallel  lOtR  studies  of  the  N-toniinaX  N-trinethylala- 
nine  pjotons  reveal  a  striking  difference  In  aoblllty  of 
tiie  LCl  and  LC2  N-terainal  residues.  In  the  filaaent  these 
protons  are  ehovn  to  be  considerably  less  aobile.  The 
selective  cleavage  of  the  IC2  N-tenainus  restore  full  «obi- 
lAty  to  the  rcaaining  LCl  M-teroinus  but  the  reverse  is 
not  observed  pointing  to  an  active  interaction  of  the  LC2 
N-teminal  with  the  filament  strucbjre.  A  nodal  1«  propo¬ 
sed  shoving  LC2  interacting  with  the  fllaoenl  shaft  on  Its 
N-teroious  and  thereby  aediatihg  directly  or  Indirectly  a 
conforauitional  change  at  the  nucleotide  binding  site  loca¬ 
ted  at  the  S0K-27K  junction. 

023 

STEPWISE  SHORTENING  OF  HUSCIE  FIBER  SECH'NTS 
Henk  l.M._  Crani*er.  John  A.  Myers,  Frank  V,  Brozcvlch  and 
Gerald  H.  Pol  lack,  Oivisfon  of  Bloenjlneerlng  and 
Deparenent  of  Anesthesiology,  Univer-iliy  of  Washington, 

WO-12,  Seattle,  VA  9819$ 

The  shortening  of  striated  bsjscIc  has  been  shown  to 
resenbla  a^staircase;  periods  of  high  shortening  velocity 
alternate  with  pauses  during  w^Ieh  there  1$  little  or  no 
length  change  (Pollack  etaU,  .Ydtwv  268;  757,  1977). 

However,  It  has  been  proposed  that  (he  appearance  of  steps 
and  pauses  arises  vvt  of  certain  optical  artifacts,  and  that 
the  real  shortening  Is  sa>ooth,  as  predicted  by- the  cross- 
bridge  rccdel. 

To  test  this  possibility  we  studied  shortening  dynaalcs 
using  a  method  Independent  of  the  optical  properties  of  the 
strlatlons.  We  developed  a  high  resolution  version  of  a 
segment  length  ^la'surlng  syst^s  segeent  length  Is  measured 
by  detecting  the  position  of  s*7rfaca  e^rke'^S. 

Unstimuivtcd  single  frog  fibers  were  released,  and  12 
outjof  21  showed  clear  steps.  Four  fibers  wore  relnased 
during  contraction;  we  observes  stepwise  shortening  In  three 
of  the  four. 

W©  tested  the  possibility  that  artifacts  caused  the 
observed  stepwise  thartenlng;  the  effects  of  potential 
sources  of  artlfact  were^rar  too  small  to  have  caused  pauses 
In  a-supposfd  stooth  shorte  Ing  pattern. 

Ve  conclude  that  stepwise  shortening  is  -a  genuine 
pl^enoncnon.  »t  lilies  thal  the  baslc  contractile  event  Is 
quantized,  ami  that  the  contractile  units  do  not  operate  at 
random,  as  envisioned  In  the  cross-bridge  model,  but 
iyOThronously, 
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fDRCE  AND  STIFFNESS  TRANSIENTS  IN  FROG  MUSCLE  FOLLWIKC 
RAPID  STEP  CHANCES  I.N  TLMPERATfRE.  Llndlov  and 

D.X.Coldchvait,  Jr.  Dept,  of  Phyeiology,  Case  Kestetv; 
Reserve  Unlv.,  Cleveland, Ohio  USA* 44106. 

Too  Ruseics  or  single  fibers  fros  ecaicendinosus  of  R. 
plpiens,’x>unecd  in  p/saalL  voluae  acrylic  chi..dber  within  a 
waveguide,  vere-.aeeivatcd  by  tetanic  sciauladcn  or  by 
depolafi2ac<w4  by  elevated  potasslua  in  chloride-free 
solutions.  During  the  peck  of  force  developocnt  the  auscles 
were  rapidly  heated  6y  bursts  of  aicrovavc- energy,  either  at 

9.4  CHz  or  at  2.4$  CHz,  Stiffness  was  measured  bv 
subjecting  the  eusele  to  ICOO  Hz  sinusoidal  length 
dlspliccaent  (0.12  of  total  length)  and  recording  the 
resulting  Incrcsent  in  force,  Tesperature  Juaps  ranged  froa 

2.5  K  In  8  as  to  15  K  in  ‘0  as.  Ac  saxiaal  force  (tetanus 
or  100  oM  potassitu),  force  increases  a*;  the  teaperaturc 
rises,  but  stiffness  declines  slightly.  Ac  subaaxieal  force 
(e.g.,  30  tiM  potasslua),  force  rises  quickly  (tine  constant 
of  30 -as)  before  falling  to  a  value  lower  chan  that  at  the 
cold  tesperaerro.  The  stiffness  falls  with  the  deactivation 
in  this  latter  case.  We  conclude  Chat  the  rise  in 
teaperaturc  causes  a  shift  of  cross-bridges  Into  the 
force-generating  state,  follov*ed  by  a  slower  detachsenc, 
driven  either  by  Ca-dlssociaclon  froa  troponin  as  a 
consequence  of  the  r-d«.pendence  of  the  Tn  Ca-blrding  or  by 
accelerated  uptake  of  Ca  by  the  sarcoplasaic  recleulua. 
(Supported  by  the  USERS,  HL19848>. 
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CNERGenCS  OF  BINDING  TO  TROPONIN  SUBUNITS.  H.C.  CHEUNG 
and  C.K.  WANG,  Graduate  Progran  in  Biophysical  Science, 
University  of  Alabasia  in  Blrainghan,  Blralngham,  AL,  USA 

The  binding-data  of  Ca  to  trpponln  C  labeled  with  lodoace- 
tar^ildoeosln  (TnC*)  and  to  TnC**TnI(troponln  I)  were  analyzed 
by  a  nonlinear  least  squar'es  procedure.  It  yielded  two  sets 
of  Ca  sites  with  two  sites  in  each  class  Attempts  to  fit  the 
data  to  4  distinct  sites  were  unsuccessful.  The  binding  con- 
uants  for  the  formation  of  the  complex  TnI»TnC*  were  deter¬ 
mined  in  the  presence  and  absence  of  Ca  or  Mg,  This  interac¬ 
tion  is  endothermic  and  therefore  entropy-driven.  The  various 
stoichiooetric  equilibrium  constants  for  the  two  types  of  re¬ 
actions  are  not  independent,  but  related  as  a  consequetce  of 
detailed  balancing.  The  observed  constants  are  in  reaso.’able 
anreeaent  with  the  relationship  which  requires  4  Ca  sites  di¬ 
vided  into  C  classes,  The  free  energy  change  upon  binding  Tnl 
to  TnC*  in  the  presence  of  excess  of  Cd(free  energy  coupling) 
is  ca.  -5  kcal/cnol  of  TnC*.  This  is  also  the  free  energy 
coupling  for  binding  4  Ca  to  TnC*  in  the  presence  of  Tnl.  The 
binary  protein  complex  is  stabilized  by  Ca  or  Mg  binding  to 
the  high  affinity  Ca/Mg  sites  by  only  -1  kcal,  whereas  the 
c^lex  is  further  stabilized  by  ca.  -4  kcal  when  Ca  binds  to 
the  regaining  two  lo-w  affinity  Ca  specific  sites.  If  stabili¬ 
zation  of  troponin  subunits  by  Ca  is  an  important  tsechanisot 
by  which  Ca- regulates  contraction  in  muscle,  the  present  re¬ 
sults  would  suggest  that  the  correlation  between  Ca  binding 
and  Ca  regulation  is  very  good  since  a  free  energy  coupling 
of  -4  kcal  corresponds  to  better  than  90X  saturation  of  TnC* 
by  both  Tnl  and  Ca.  {Supported  in  part  by  US  NIH  grant 
AM  25193.) _ 
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DIFFERDIT  MODES  OF  mSS  TRANSFER  IN  SINGLE  RBLAFED  AND  RIGOR 
RABB»-  PS0A5  FIBERS  DERIVED  FROM  HIGHER  ORDER  EQUATORIAL  X-RAY 
DIFFtACTIONS*  Leepo  C.  Yu*  and  Bernhard  Brenner*'*' 

NIH,  Bechezda,  )S>,  USA  2020$;  '*VnlverslCy  of  TUbingen,  FRG. 

To  Invetclgace  in  greater  detail  the  structural  changes  as¬ 
sociated  with  crossbridge  fortutlon  in  relaxed  rabbit  psoas 
ouscle  fibers  at  low  Icntc  strengths  <w)  (preceding  sbstisct). 
ve  obtained  higher  order  equatorial  X-ray  reflections  beyond 
(1.1]  froa  Che  relaxed  and  rigor  states  between  u*20  to 
lOOoH  with  varying  concentrations  of  KFroptonate.  Axially 
projected  two  diaenslonal  electron  density  naps  were  cons¬ 
tructed  based  on  Intensities  of  five  reflections 
(l,t|«  (2,0|,  l2«lj  and  (3,01),  vlth  phase  asslgneent 
+  One  of  tho  oaln  features  of  the  density  9aps  is  that 
the  barkbona  of  the  th.ck  fllasent  is  resolved  froa  the  nyosin 
heads  which  sre  oostly  concentrated  tn  a  surrounding  annular 
shell*  As  V  Is  lowered  (roa  (OOaM  to  20eM  tn  the  relaxed 
ousete,  cass  redlstrlutlon  causes  net  loss  oost  proainently 
In  the  region  aurrcniodlng  the  thin  ftlaaents  where  the  ayostn 
heads  arc  leas  concentrated.  Tho  part  of  tho  annular  shell 
where  ayosln  heads  sre  highly  concentrated  shows  less  change* 
In  contrast.  In  transition  froe  relaxed  to  rigor  state,  the 
ttost  severe  net  loss  is  tn  the  region  where  Che  ayosln  heads 
sre-hlghly  concentrated.  The  different  cha.«cterlstics  ot 
of  aass  redistribution  are  unlikely  to  be  sleply  due  to  a 
difference  in  the  nuaber  of  crossbridges,  slice  the  stiffness 
In  the  20oH  relaxed  ecate  it  »ore  than  half  that  of  the  rigor 
states  (Brenner,  et  si.,  FKA$,  1982).  Hence,  the  difference 
In  aasa  redistribution  provides  evidence  that  the  nodes  of 
crossbridge  attsehoent  arc  different  In  these  two  states. 
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ROTATORy  FLUCTUATION  OF  SINGLE  SARCOMERE 

H.  suda,  N,  Jnai,  Department  of  Physics/  Nagoya 
University,  Nagoya  City,  JAPAN 

This  scudy  Is  to  clarify  the  internal  structure  of 
several  conscruccual  units,  for  example  ZZI,  In  a  single 
Qusclc  fibre  through  the  neasureaents  of  their  rotatory 
fluctuations  or  hydrodyhaaic  resistances.  The  rotatory 
fluctuations  vere  obtained  by  luge  analyses  under  the  di¬ 
rect  observations  vith  a  sicroscope-video-tape  recording 
syscca.  The  rotatory  diffusion  constants  (Dr)  vere  obtain¬ 
ed  by  tracing  the  tine  pr*'  sses  of  the  above  rotatory 
fluctuations  on  the  basis  of  the  theories.  The  Sr-values 
of  a  relaxing  or  charged  state  of  a  sarcoaere,  of  vhich 
structure  is  thought  to  have  a  coapact  fora,  shoved  a  fairly 
good  agreesent  with  Burger's  theory  (about  rigid  cylindrical 
aolecules).  The  Dr-values  of  other  saaples  vere  rcaarkably 
snaller  than  the  theoretical  values.  These  facts  arc  in¬ 
terpreted  in  teres  of  the  inside  resistance  against  solvent 
flov.  On  the  otUer  hand,  a  solvent-drained  I-Z-I  shoved 
only  one  chirtyih  of 'theoretical  value.  This  snail  value 
is  thought  to  be-due  to  a  less  solvent-penetration  into  IZI. 
An  IZZ-H>Cf  coaplex  shoved  a  larger  Dr-value  than  that  of 
I-Z-Z.  Zn  the  case  of  the  contraction  state,  in  spite  of 
its  coapact  structure  as  laaglned,  a  rather-  seallcr  value 
was  obtained.  This  fact  can  be  attributed  to  the  fact  that 
the  sarnie  takes  a  loose  structure  appropriate  to'  sake  the 
substrate  ATP  easily -dUfuse  into  the  inside  for  splitting. 
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HYSTERESIS  IN  MUSCLE  CALCIUM  SENSITIVITY 
A.M.  Gordon.  R.L.  Coby,  O.A.  Hartyn,  and  L.D.  Yates 
I)epartr.e>it  of  Physiology  and  Biophysics,  University  of 
Washington,  Seattle,  HA  93195,  USA 

We  previously  deoonstrated  a  hysteresis  in  the  Ca  sensitivity' 
in  laesbrane-disrupted  barnacle  nuscle  fibers:  nore  steady 
force  is  produced  at  a  given  [Ca]  if  that  [Ca]  imediately 
follows  «  [Ca]  that  produces  tiaxiisal  force  (stepping  down), 
than  it  that  sa»e  [Ca]  icmediately  follows  the  relaxed  state 
(stepping  up).  This  hysteresis  in  Ca  sensitivity  has  been 
hypothesized  to  he- due  to  cross-bridge-dependent- Ca  binding. 
This  property  Is  not  uhigue  to  barnacle  nuscle  since  hystere¬ 
sis  is  observed  in  both  frog  senitendinosus  and  rabbit  soleus 
ouscle  fibers  in  which  the  surface  and  sarcoplasalc  reticulun 
oeabrancs  have  been  disrupted  cheoically.  Though  little  con¬ 
sistent  hysteresis  is  observed  for  rapid  contractions  In-soI- 
utions  with  SaHMgATP,  significant  hysteresis  1?  seen  for 
slower  contractions  In  the  SM'UgATP,  In  which  there  is  no 
Increase  In  resting  tension.  In  frog  seaiitendinosus  fibers, 
the  midpoint  of  the  steady  force  vs  pCa  relationship  shifted 
by  0.12  pCa  units  toward  IncreasecTsensItlvIty  and  the  steep¬ 
ness  decreased(HIII  n  value)fron  3.9  to  3.2  for  oeasureinents 
of  steady  force  for  decfeasing  Ca  from  a  naxinjm  (stepping 
down)  cosipared  with  Increasing  Ca  from  rest  (stepping  up). In 
rabbit  soleus  ouscle,  hysteresis  was  sxjre  prominent  at  long 
sarcomere  lengths.  Thus,  other  muscles  show  evidence  of  hys¬ 
teresis  and  cross-brIdge-dependent  Ca  sensitivity. 

This  work  was  supported  by  a  grant  from  the  HIM.  NS0838A. 
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THE  TWO  CAieira-BIhDlNG  SITES  OF  PW  INTESTINAL  CALCIUM- 
BINDI.-iO  PROTEIN:  A  MULTINUCLEAR  NTIR  STUDY 
S.  PorsEn,  T.  Hofoann*,  T.  Dcakcnbcrg  and  H.  Vogel,  Dept,  of 
physical  Chemistry  2,  Univ.  of  Lund,  Lund,  Sweden 
apept.  of  Biocheolscry,  I'niv.  of  Toronio,  Toronto,  Canada 
Pig  Intestinal  Calcium  Binding  Protein  (ICaBP)  is -a  9000 
MW  protein  involved  i:i  Cata-rcsorption  from  the  intestine. 
Amino  arid  sequencing  and  crystal  I-cgraphic  data  indicate-l 
that  the  protein  should  be  able  to  bind  two  Ca^-  ions,  one  in 
a  typical  EF-hsnd  finding  site  (similar  to  thoie  found  In 
parvalbumins  (PV),  ualmedulln  (CaH)  and  troponin  C  (TnOland 
a  sect.-id  one  in  a  unique  p$eudo-EF-hand  site.  Using  Ul  NHR  ve 
have  demo.:stratcd  that  binding  of  Cd^-  and  Ca^a  induces  very 
ainilar  conformational  changes  in  ICaBP.  In  both  A3ca  and 
113cd  NMR  spectra  vo  observed  one  resonance  vith  the  typical 
chemical  shift,  line-width  and  T|  of  an  EP-hand  site.  Fefther- 
meref  vith  both  techniques  vo  also  registered  a  second  reso¬ 
nance  for  the  pseude-CF-hand  site.  Iheso  had  .  chemical  shift 
and  linevidth  vhich  is  different  from  that  measured  for  any 
ether  bound  Ca^a  gjl*  ions.  Occupation  of  this  second  site 
influences  the  £F-hand  site.  The  binding  constants  for  Che 
two  sites  differ  by  less  than  a  factor  of  5.  Unlike  for  the 
two  strong  ealciuarblnding  sites  in  CaM,  ThC  and  PV  Ca^a. 
binding  to  the  two  sites  appears  not  lOOX  positive  coopera¬ 
tive.  This  effect  is  aast  pronounced  when  using  Cd^*.  In 
sumary,  our  data  clearly  confirm  the  suggested  existence  of 
one.EF-hend  as  veil  as  one  pseudo-EF-hand  for  the  binding  of 
Ca^a  to  jcaBP.  rous  this  protein  ic  strikingly  different  from 
typical  EF-hand  proteins  such  es  CaM,  TnC  or  PV.  Sponsored 
by  MAC  Canada  and  NFR  Sweden.^ 
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EFFECT  OF  THE  FILAMENTOUS  STRUCTURE  OF  MYOSIN  ON 
THE  ACTOHYOSIN  AlPase  ACTIVITY 
J-,).BEchet  and  A'.  d’AIbfs,  Lab.  Biologic,  Physicochinique, 
Univ.  Paris-Sud,  Orsay,  France 

The  ATPase  activities  of  acto-heavy  meromyosin  and  of 
acto-myosin  ninifilaments  have  been  compared  under  the  same 
conditions  at  low  ATP  (0.1  mM)  and  at  several  KOI  concentra¬ 
tions.  The  activities  which  are  strongly  salt-dependent  in 
both  systems  have  been  found  to  be  similar  at  high  (about 
0.16  II), but  different  at  lower  (0.06-0.0711)  ionic  strength. 
Under  this  last  condition,  the  catalytic  constants 
and  kjj  are  lower  for  acto-myosin  minifilamnts  ATPase  than 
for  acto-heavy  meromyosin  ATPase.  Furthetmore  any  decrease 
in  the  concentration  of  ionic  species  (ATP,  citrate...)  at 
constant  low  ionic  strength,  induces  an  increase  in  the 
interaction  strength  between  myosin  and  actin  filaments,  as 
revealed  by  the  1!^  changes.  The  presence  of  the  troponin- 
tropomyosin  complex  also  enhances  the  strength  of  this 
interaction.  The  organized  structure  of  the  myosin  minifi¬ 
laments  promotes  therefore  the  actooyosin  ATPase  activity. 
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K.EHCGi  mtiSDUCMOH  III  .i'JoOIdJ  INVOLVES  KIOIOK- 
HOTIVE  POHCii 

li.  Aoln.  School  of  Life  Sciences,  Jawaharlal 

liehru  University,  How  Delhi,  India. 

AW  bydiolysis  by  myosin  ATPase  r-enorates  a 
chemical  potential  difference  for  protons  between 
the  overlap  region  end  the  regions  of  H-and  I- 
band.  It  has  boon  shown  that,  if  the  myofilaments 
ate  assumed  to  oonduot  protons  by  tho  Grotthus- 
Onsager  mechanism,  the  flux  of  H  to  tho  H-lino 
and  the  Z-diso  generates  a  diffusion  potential 
and  brings  about  a  J-dimonsional  loop  flow  of  tho 
diffuse  cationic  layer  around  the  nyofilanenfs. 
Tho  viscous  drag  of  tho  cationic  layer  on  tho  myo 
filaments  has  been  estimated  to  be  of  sufficient 
magnitude  to  account  for  the  muscular  force.  The 
energy  output  of  tho  proton  circuit  is  dependent 
on  the  mochanical  constraints  by  moans  of  tho 
viscous  coupling  between  tho  cationic  layer  and 
the  movement  of  tho  myofilanonts.  The  theory 
explains  tho  experimental  observations  quantita¬ 
tively  and  loads  to  Hill's  equation  in  the  first 
approximation.  In  this  approach  the  cross-bridges 
servo  the  purpose  of  H  -generating  electrodes  - 
which  roloass  H'*'  into  tho  nyofilononts  during  Cal 
mediated  transient  contacts  with  the  actins  but 
are  not  envisaged  to  act  as  molecular  muscles. 
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THE  BINDING  AND  HYDROLYSIS  OF  HgATP  6Y  OEHEMBRANATEO  MUSCLE 
FIBRES  AT  TEMPERATURES  BELOW  O^C  R.T.  Tregear.  S.  Rellam, 
and  S.  Keapby,  A.F.R.C  Institute  of  Animal  Physiology, 
Babraham,  Cambridge,  U.K. 

Glycerol -extracted  rabbit  psoas  ouscle  fibres  were 
brought  to  a  temperature  between  0”  and  -AObC  In  a  neutral, 
Ca‘’-free,  low  Ionic  strength  solution  containing  50* 
ethylene  glycol.  The  fibres  were  Incubated  in  TOOvH  3H-ATP 
for  30-90  nin.  Diffusible  3H-ATP  was  then  briefly  chased 
frea  the  fibres  in  cold  AlP  and  the  bound  nucleotide  eluted 
In  trichloracetic  acid  first  in  the  cold  and  then  At  room 
temperature:  two-thirds  of  the  nucleotide  was  eluted  in 
the  cold.  Ihe  total  recovered  nucleotide  was  consistent 
with  binding  to  the  enzymatic  sites  of  myosin  within  the 
fibres.  At  -AOP  most  of  the  nucleotide  recovered  In  the 
cold  was  Alp;  the  proportion  rose  as  the  temperature  was 
raised  and  at  O^t  most  was  ADP.  We  arc  currently  examining 
the  mechanical  properties  of  the  muscle  fibres  under  these 
conditions,  In  order  to  determine  whether  hydrolysis  of 
bound  nucleotide  correlates  with  relaxation. 
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CONTRACTILE  ACTIVATICW  IN  A  >SUSCLE  HI7II  SIMPLE  TRANSVERSE 
TUBULES  T.  Sch'wcr  and  K.F.  Gilly,  HopXins  Marine  Station  of 
Stanford  University,  Pacific  Grove,  W  9J950,  USA 
Contractile  activation  of  scorpion  skeletal  &u$cle  was 
studied  because  its  ultrastxucture  rese&bles  that  of  verte¬ 
brate  striated  wscle.  The  najor  difference  is  the  tranaerse 
tubular  (T-lsysteo  which  consists  of  short,  radially  oriented 
tubules  with  .proainent  aouths.  Contractile  act:ivatio'n  iix 
scerpion-COroctonus  taordax)' auscle  fibers  was  characterized 
at  200C  usxngTTi^  fflcroelectrode  voltage  clasp  technique. 
Threshold  assplitude  for  just  detectable  sarcoaerc  shortening 
was  determined  for- voltage  steps  of  different  durations  by 
alcroscopic  observati>n  of  sup^ficial  sarcoaeres  in  the 
voltage  clasped  segsent  of  the  fiber.  The  Strength-Duration 
cun'c  thus  obtained  in  Na-free,  TTX-containing  saline  is 
siailar  io  that  found  in  TTX-poisoned  frog  muscle.  However, 
threshold  for  long  (20-50  as)  pulses  is  near  -20  »V,  sub¬ 
stantially  aore  positive  than  in  frog.  In  Na-free  saline 
(*TTX)  containing  S  eM  Ca,  contractile  activation  is  always 
accoapanied  by  a  voltage-dependent  inward  current.  Both  the 
inward  current  and  voltage-dependent  contractile  activation 
are  abolished  in  noainally  Ca-free  (no  EGTA)  external,  solu¬ 
tions.  Cadmiun  (0.5  siM)  blocks  contractile  activation  and 
reduces  or  eliainates  inward  curient.  However,  in  cadaiua- 
containihg,  Ka-free  solutions  strong  inward  currents  some- 
tiaes  persist  when  contractile  activity  has.  been  elialnated. 
Tetracaine  (.S  aM)  reversibly  Inhibits  contractile  activation 
especially  with  brief  pulses  and  renders  contraction  iapossi- 
ble  with  a  2  as  pulse.  Thus  contractile  activation  in  scorpi¬ 
on  suscle  reseables  several  vertebrate  auscle  types. 


EXPERIMKTAL  AND  THEORETICAL  STUDY  OF  LASER  LIGIT 
DIFFRACTION  BY  CTBIATED  MUSCLE. 

R.A. Thornhill, K.fierovic  Departewnt  of  Zoology  and 
Departflieht  of  Physics, Universfity  of  Blminf^aa. 

Birain^as,  B16  2tT  England 

The  technique  of  laser  light  diffraction  has  not  realised 
its  full  potential  due  to  the  fact  that  the  resultant 
diffraction  patterns  are  usually  interpreted  as  if 
diffraction  originates  fr»  a  plane  grating,  or  fzwwj  a 
three  dltwjnsiqnal  grating  in  the  'kinessatic*  reglae. 
Isolated  auscie  fibres,  with  tticir  relatively  large 
xaodulation  of  refractive  index,  behave  In  a  way-  ^t 
Inquires  the  application  of  a  'dynaslcal*  theory  of  Bragg 
dlffraction.The  experlaentally  observed  features  of  the 
diffracted  light  intensity  as  a  function  of  spcciaen 
angle,  can  be  related  to  the  structure  of  the  suscle  by 
using  an  aloost  exact  treateent  of  the  'thick  phase 
grating*,  coupled-wave  theory, (Kogelnik  1969,  Magnusson  & 
Gaylord  1977),  This  has  enabled  us  to  conclude  that 
freshly  '•xcised,  viable  rsuscle  fibres  possess  a  high 
degree  of  order.  The  sarcooere  lattice  also  has  a  degree 
of  simple  hexagonal  order,  and  falXui*e  to  take  its  three 
dlacnsional  orientation  into  account  can  lead  to 
cisleading  results.  The  degree  of  order  decays  with  tloe 
and  eventually  disappears  leaving  a  completely  aaorphous 
material.  Kogelnik,H.  (1969)  Bell  SysC.Tech.J  ^8 
2909-2947  Pagnussoft,R. .Gaylord, T.K. (l977)J.0pt.Soc.An.  67 
1165-1170 


GEOSTfiXCAl  CONSTRAINTS  ON  TOE  CROSS-BRIDGE  ATTACHIfiKT 
y.Staro.  J. Stefan  TOstitute.and  Medical  Faculty, 

E.Kardeijf  thiversity,  ujubJjana,  Yugoslavia 

Corputer  codeling  studies- have  been  undertaken  to  investigate 
the  possibility' of  the  cress-bridge  attactoent  in  a  three- 
-dioensional  lattice. 

Three-stranded  nycsln  filanents  are  considered  to  be  oade  up 
by  r.yosin  rolecules  with  the  two  heads  flexibly  joined  to  the 
tall  that  Is  flexibly  attached  to  the  cyosln  backbone.  Thus, 
the  position  of  any  head  can  be  describe  by  four  pararaeters 
(angles).  Aetln  filacents  are  assisted  to  be  Z7/Z  helices 
arranged  in  such  a  canner  that  the  cross-bridge?  contact  re¬ 
gions  on  the  aetln  rwlecules  define  several  strands  around 
each  cyosin  fllanent  depending  on  the  lattice  dinenslon. 

For  the  described  structure  with  the  length  of  flvje'Cyosin 
axial  repeat  we  calculated  the  mstber  of  all  possible  cross- 
-bridge  contacts  as  well  as  the  probabilities  for  attachment 
especially  booking  for  the  contacts  of  one  myosin  molecule 
with  two  different  actin  filaments,  farther,  the  influence 
of  a  small  axial  displacement  or  rotation  of  the  myosin 
filanent  on  this  number  is  investigated. 


X-RAY  EVIDENCE  FOR  TWO  STRUCTURAL.  STATES  OF  THE  ACTOMYOSIN 
CROSSBRIDCE  IN  MUSaS  FIBERS.  T.  Matsuda.  B.  Brenner, 

L'.C.  Yu,  and  R.J.  PedoUky.  NIADDK,'N1H,  Bothe'sda,  Md.  USA. 
-BiochcalcaL  data  lo vich  &  Eisenberg,  JBC,  257  2432, 

1982)  and' stiffness  aeasuresenia  (Brenner  ct  aL.,  PNAS,  22 
7288,  1982)  provide  evidence  that  aecoeyosin'Crossbrtdge^ 
fqm  in- relaxed  skinned  rabble  fibers  at  low  ionic  acreagth 
(20-50  BtM).  Me  used  X-ray  dlffractlon  to  obtain  structural 
Information  regarding  these  crosebrldge's.  At  low  Ionic 
strength,  the  intensity  of  the  2L  equatorial  reflection  in 
the  relaxed  state  was  close  to  that  of  the  rigor  state, 
while  the  intensity  of  the  10  refAc'ction  was  about -twice 
that  of  the  rigor  reflection.  Indicating  that  (1)  substan¬ 
tial  extra  oass  is-assoeiated  with  the  thin  filaments  at  low 
Ionic  strength,  and  (2)  the  mass  distribution  In  low  Ionic 
strength  Is  different  from  that  of  the  rigor  state.  Low 
ionic  strength  crossbridges  dld  not  change  the  myosin-based 
reflections  characteristic  of  relaxed  fibers  at  120  aM  ionic 
strength  (notably  the  85  A  and  108  X  layer  lines  and  the  72 
A  and  143  A  meridionals)  and  they  dll  not  produce  the  add¬ 
itional  intensity  on^the  59  A  actln-^ased  layer  line  near 
the  meridian  that  is  associated  vUh  rigor  ccossbridgcs. 
However,  they  caused  the  215  A  meridional  -  reflection  to  dc- 
creasQ  In  intensity,  as  is  also  the  caso  when  rigor  cross- 
bridges  are  fonsed.  These  observations  shov  that  the  struc¬ 
ture  of  the  low  Ionic  strength  crossbridge  Is  significantly 
different  from  that  of  the  rigor  crossorldge,  and  they  sup¬ 
port-  the  idea  that  contractile-force  say  be  generated  by 
transitions  between  different  actooyosln  configurations. 


FLUORESCENCE  ENERGY  TRANSFER  BETWEEN  Tb3*'  AT  THE  HIGH 
AFFINITY  SITES  AND  LABELS  IN  THE  REGION  OF  THE  LOW  AFFINITY 
SITES  OP  TROPONIN-C.  C.-L.A.  Wans  T,  Tao  and  J.  Gergely, 
Boston  Bloaed.  Res.  Xnst.y'Bostont  KA  USA 

bound  at  the  two  high  affinity  sites  of  troponin-C 
(Tnc)  can  be  excited  either  Indirectly  through  Tyr-109  with 
a  pulsed  UV  lamp#  or  directly  with  a  dye-laser. 
The  Tb^*  luminescence  resulting  from  ^either  method  of 
exciution  decays  with  a  single  Ufetlae  of  1.3  ms» 
su^estlng  that  the  iaaedlate  environments  of  both  bound 
Tb^^  ions  are  Identical.  Upon  direct  excitation  of  Tb~«TnC 
labeled  at  Ket-2S  with  b.nltrobenz-2-oxa-  1t3-dlazole  tNBD) 
or  b-dlaethyl^lno-  phenyiazobenzene  (DAB)  as  Forster  type 
energy  transfer  acceptor  the  ivcsinescence  decays 
bi-exponentlally,  the  lifetimes  being  0.76  as  and  l.bO  as 
for  TnC^“®i  and  I.O  as  and  1.38  as  for  TnC®*®«  These  tw 
Itfetlaes  indicate  that  (l)  only  one  cf  the  two  bound  Tb^* 
lw>3  transfers  energy  to  the  label,  the  transfer 
efficiencies  yielding  a  distance  of  3.7  na  between  them;  and 
(li)  Tb^*  at  the  other  site,  correspondlng^to  the  component 
associated  with  the‘  unquenched  emission,  is  at  a  greater 
distance  from  the  label.  Indirect  excitation  cf  Tb^*^  bound 
to  labeled  TnC  results  In  emission  with  a  single  lifetime  as 
with  unlabeled  TnC,  suggesting  that  Typ-109  transfers  energy 
only  to  cne  of  the  Tb^*  ions  bound  at  the  high  affinity 
sites.  Since  the  luatnesc'ence  of  this  Is  not  quenched, 
the  blnd^g  site  at  which  Interaction  with  Tyr-109  occurs  Is 
the  one  mere  distant  from  Het-25. 


CATICN  kLICLAT^iJ  ')HC~*S“BTiDG2  m -c-YCSlN 

Arthur  d  R?xo.  of  Stoo  .c-x-*/;/,  V  of 

Leicester,  Loic-:  ^top  LSI  TJUI,  ".K. 

It  haa  been  th'7t  tiio  ett'.chj'vr.t/'.e*.  of 

the  myosin  heod  (i-ubfri'^ert-^)  fro:;^  ‘i,ft 

durln/?  the  c'.ntriOtion  cycle  .*v  t'ro.-'h  v.n-sir.r 
/relen-50  of  the  r  /Ub.'r^-’r^nt-S  tc  r^Aft  (.  / 
H-*rrln;to7  •*•  The  '.MUty 

to  nvulqto  conf  jn'.tlO’i  in 

ni^-wt  ‘roi-Ar-ivn  ,  *•.  XniyWyia tX  option  ipnJo 

':uoport  to  V'oth'"'''.  of  VS;-  V  7  (r7r.'Chi»l  •.  S-.-o,  Cf. 
mol^c.  Biol.  ,^,72  19:^).  .iirCtrsr  ■“Aicro'''.o  y  of  '“ish 

filac'nte  asln '  >*  dofinei  »ec"n*  .jiep.'.'y'ifir-j  tho 

cros^-brid-^'  'Jot^ch  too  tft  *4^  i-  lo*.->re.  fror. 

3  rU  to  0.5  t*'*  --io  ov>r  of  wticv^nt 

r^-i‘>ct  to  the  of-?  Uoitol  I  to  \  r''jion  clo-c  to 

the  ..‘f-JAf-?  junot^.ni  l»e.  th#  cros$-brl'i.,*o  *pof'ls  off* 
nther  tha?.  uf/*.  Tnoso  fsr.uln.r’'  tti"'  'iot 

coai-itiblo  ejith  thoorl^^a  s'^lco  -.uppose  '.n  cation 

Oft  the  ♦hlft.'c*  n  ;ion  t  3f-2/U5.  -nction,  or  '-Sch 
consider  a  r' J'.n  of  T-Z  clo'o  to  tV>  letter  to  w  3ite 
fer  force  tnrsJuctSon. 

2/»dence  fr^-^  otVr  tochistvi-^y  vio'j;  the 

isod«vt.>ext<*nt  of  the  ^  effort  o%  frictional  C'-officior.t 
(cf  *n'^)  ■jx'l  r^c^’-nt  otutles  by  neutron  acV.t'jr.c,* 

{l*  L  dbrcoot^r  .»  d  nose)  *r.oly  thit  a  j^ticl 

chji;o  In  sf-t  Uonbil.t^  cuy  otiar,  its  radial  (thtu^’h 
not  Aocoosuyily  o2t’:ut'-^l)  ro*iitlon  only  to  a 

modest  extent  rith  c-.-atj  es  in  cation  loveX. 
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TEUSIOJJ  DEVELOPKaa*  WJD  CA-SEJiSITlVlTY  JS  StUKKSO  KUSCLS 
F2hp£S  or  T*ffi.FfiOG. 

G.J.M.stlenon,  and  B.W.Trci;jtoI«  Dcpartacnt  ot 

Physlolo9y«  University  of  Asstordaa»  Gcrsto  Const. Huygens- 
stu'Mt  20,  1054  SU'AASterdaB,  thQ.>2;ctherlands. 

Xsoactric  tension  dovcloj«ont  at  different  Ca  concentrations 
vas  aeasured  in  single  suscle  fibres  of  the  llcofibularis 
suscle  of  the  frog,  shinned  by  a  freeM-dxying  bothod. 

Stienen  ct  al.  Pildgers>Arch.397:272*276,1983.  Hie  experl- 
^nts  were  carried  out  at  5^C,  pH  *  7,  pKg-«-3^,gAT^  a  S  cK, 
r/2  *  260  sM.  The  r^xinua  tension  as  a  function  of  Ca  concen¬ 
tration  was'fltted  to  a  Bill  curve- by  oeans  of  a  Icact^^an^ 
sethod;  at  2.15  vsi  sarcoacre  length  K«  1.6  uM,(K  "Cca^J 
for  half-Eaxli^  tension)  and  n  a  3.  However,  forCca]<X;  the 
calculated  curve  was  Mt  it^p  enough,  while  fortCa^  >K  the 
calculated  curve  was  too  st^p. 

The  Ca-sensitivity  increased  with  increasing  sarcoeero 
length;  at  2.7  va,  K  was  l.I  Additionally,  it  was  ob¬ 
served  that  the  optiaal  sarcoscrc  length  for  tension  develop- 
eent  shifted  to  larger  values  when  the  Ca  concentration  was 
lowered.  Osaotic  compression  of  the  fibres  at  2. IS  ya,  by 
scans  of  long  chain  poly^^ercs  (Dextran)  also  caused  an  in¬ 
crease  in  Ca-sensitivity.  At  a  fibre  width  corresponding  to 
the  width  at  2.7  ya  (without  Dextran),  K  was  1,0  yH.  There¬ 
fore  both  effects  aight  originate  froa  ct^ges  in  spacing 
between  the  actin  ^d  ayosln  fllasents.  This  suggests  that 
the  Ca-sensitivity  is  influenced  bj*  the  electrostatic 
field  between  the  filasenes. 


REIATIOKSHIP  OF  FORCE  POTF-NTIATIOS  TO  V^.  STIFFNESS  AhT) 

ESERCY  LTBDiATIOS  DURING  SKELETAL  MUSaE  CONTRACTION.  D.M. 
Burchfield  and  d:A.  Rail,  Dept,  of  Physiology,  The  Ohio 
State  University,  Coluabus,  Ohio,  U.S.A. 

Velocity  of  unloaded  shortening  (Vq)  and  steady  rate  of 
energy  libcfatlon<'fS.R.E.L.)  depend  on  the  rate  of  AT? 
Hydrolysis  by  cross-bridges.  Experiments  were  designed  to 
determine  if  Vo  and  S.R.E.L.  maintain  a  fixed  relationship 
to  each  other  when  both  paraaeters-are  altered.  Increasing 
the  temperature  of  frog  sealtendinosus  tMScle  fros  0  to  ICrC 
i^reased  peak  tetanus  force  45  4- 4%  (n»15}  and  S.R.E.L. 

462  +  111  (n-lO).  Vo  Increased  252  +  in  (n-9).  The  in¬ 
crease  In  S.R.E.L.  vas  significantly  greater  tlutn  that  of 
Vo,  but  account  must  be  made  for  the  increased  force. 

Usually  S.R.E.L.  is  divided  by  force,  assuming  that  force  is 
proportional  to  the  number  of  attached  cross-bridges.  This 
^Inc  uas  examined  by  determining  the  ratio  of  peak  muscle 
stiffness,  using  ramp  releases,  at  0  and  lO^C.  This  ratio 
is  1.10  +  0.05  (n"7).  This  S.R.E.L.  should  be  normalized  by 
stiffness.  Before  comparing  Vo  and  cross-bridge  energy 
liberation,  the  temperature  dependence  of  Ca^*^  cycling  energy 
liberation  must  be  known.  This  was  determined  by  measuring 
S.R1.E.L.  at  a  sarcomere  length  of  3.8  Urn  at  0  and  lO^C,  and 
uas  found  to  increase  569  +  267  (n«5).  Cross^bridge  energy 
liberation  vas  determined  by  subtracting  S.R.E.L.  at  3.8  ya 
from  that  at  2.4  ya.  Cress-bridge  energy  liberation  In¬ 
creased  3501  from  0  to  K/’C.  This  increase  Is  greater  than 
the  incrrase  lf'  Vo.  This  result  suggests  that  Vo  end  cross¬ 
bridge  en.*’5y  liberation  are  not  two  measures  of  the  sa&e 
reaction  sequence.  (Supported  by  NIH  grant  AM20792). 


Mfc.Hibberd*,  J.A.Dantzlg*,  Y.E.Coldaan*  and  D.R.Trenthao'*' 
6epu  of  Physiology*  and  Dept,  of  Biochemistry  and  Bio¬ 
physics'^,  University  of  Pennsylvania,  Phila.,  PA  U.S.A. 

■Vhen  caged  ATP  Is  photolyzed  within  rabbit  single 
skinned  muscle  fibers'  in  rigor,  the  ATP  liberated  causes 
rapid  relaxation  of  rigor  tension  (see  figure).  In  these 
experlaenti,  reatsachaent  of  a  proportion  of  the  etoss- 
brldges  deuched  by  ATP  causes  a  transient  increase  In 
tension  and  slows  the  final 
relaxation  (Goldman, 

Hlbberd,  McCray  4  Trenthae,  ^  'V 
Nature  300.  701-705;  1982),  .cf  \\  .  « 

Addition  of  a  steady  10  nH  5  \ 

concentration  of  orthophos-  ^  u  a  V 
phate  (?,)  reduces  the  SI 

tension  rise  and  increases  i  t  ♦  >  t  < 

the  rate  of  final  o  «r  «  «  «  n»-* 

relaxation  2*3  fold.  These 

effects  depend  on  P,  concentration  end  are  detectable  at 
I  mM  P|>.  If  our  results  are  due  to  specific  binding  to  the 
actlve^site  of  ayosln,  Pj  may  Increase  the  cross-bridge 
detachment  rate  by  the  reverse  pathway;  A.M.ADP  +  Pj 
A.M.ADP.P,  -+  A  +  M.AOP.P.  (A  ■  actin,  «  •  myosin).  The 
apparent  binding  of  P^  to  A.M.ADP  in  fibers  suggests  that  P| 
release  is  coupled  to  the  power  stroke  of  the  cross-bridge 
cycle.  Supported  by  NIH  grants  HL15835  and  AM00745  and  by 
HDA,  BHF  and  AHA. 


lENfilH-DEPENOEtlCE  OF  SEIISITIVITY  AND  CA2*  BINDING 

IN  CARDIAC  MUSCLE.  FranUIn  Fuchs  and  Polly  Nofoann. 
Dept,  of  Physiology,  university  oi  Pittsburgh  School  of 
Medicfne.  Pittsburgh,  PA  1S261  (USA). 

The  force-pCa  relationship  In  skinned  cardiac  nuscle 
bundles  Is  shifted' to  a  higher  pCa  range  uhen  the  sarcosere 
length  1-  reduced  froa  optfnal  length  to  a  length  which 
lies  on  the  ascending  llnb  of  the  length-force  curve 
(Hiboerd  and  Jewell,  1902).  A  study  has  been  undertaken  to 
deternine  if  this  shift  in  Ca2+  sensitivity  is  related  to 
a  length-dcpendent  change  In  Ca2+-troponln  affinity. 
With  detergent-cAtracted  canine  cardiac  nuscle  bundles 
half-naxioal  force  at  sarcosere  length  2.2  pa  was  obtained 
at  pCa  6,09.  At  sarconere  length  1.5  pa  half-naxlaal  force 
was  obtained  at  pCa  6.2,  A  double  isotope  technique  was 
used  to  aeasure  Ca^t  binding  to  cardiac  nuscle  bundles 
(in  rigor)  at  the  long  and  short  sarconere  lengths.  At  the 
short  sarconere  lengths  Ca2+  saturation  was  reduced  by 
15-35S  In  the  pCa  5-6  range.  At  higher  pCa  values  Ca^t 
saturation  was  Independent  of  sarconere  length.  These  data 
provide  evidence  that  CaZ+  binding  to  the  low  affinity 
(regulatory)  site  of  cardiac  troponin  is  sensitive  to 
sarconere  length.  This  effect  nay  provide  a  basis  for  the 
Frank-starling  relationship  in  cardiac  nuscle.  (Supported 
by  grants  froo  the  NIH  and  Vestern  Pennsylvania  Heart 
Association). 


>nffi  POSITION  OP  TROPONIN-T  IN  MUSCtP.  THIN  PILAMENTS 
fl.J.Carr  and  E.J.O*Brl<n,  KRC  Coll  Biophysics  Unit,  King's 
;n>11090,  26-2?  Drury  Lanot,  London  WC2,  England. 

In  the  thin  filaments  of  vertebrato  skeletal  nuscle,  two 
oolecxilea  of  the  troponin  cemplex  are  bound  to  the  actlni 
tropcayosin  strands  at  Intervals  of  30.5nB.  Troponln-T.whlch 
^inds  troponin-I  and  tropontn-C  to  tropomyosin  is  thought  to 
be  an  elongated  molecule,  possibly  binding  to  tropomyosin 
over  more  than  lOna.  In  order  to  evaluate  this  nodel,  we 
have  c^pared  the  structure  of  actlnstropcmyosln  filaments 
with  tliat  of  actlnttropCQyosln;troponin*T  filaments.  The 
filaments  were  in  the  fora  of  paracrystals  induced  by  Hg^^, 
aaxl  were  analysed  by  electron  microscopy  and  computer  methods. 
The  fiUnents  foraod  arrays  in  which  adjacent  filaments  were 
anviparalv’el,  and  in  which  the  actin  helical  sycaetry  cem- 
prlsi^'20  ^-ubunits  in  13  turns  of  the  left-handed  genetic 
helix,  vme;'  troponln»T  was  present  in  addition  to  actin  and 
tropemyosin,  the  arrays  were  loss  well  ordered.  The  order 
vas  Improved tif  the  major  chyaotryptlc  fragment,  troponln-Tl, 
was  used  Inf  ccad  of  tr<^;>onln-T.  Average  filaments  were  ob¬ 
tained  by  rjmputer  filtering  of  the  electron  micrographs,  and 
30  recons^nicttons  generated  by  Fourler-Deszel  transforaatioix 
In  reconstructions  of  actin:tropooyosln,  a  column  of  density 
at  a  radius  of  about  4nm  was  assigned  to  tropcisyosln,  leaving 
an  elongated  actin  moncmer  shape,  with  the  longest  dimension 
of  the  monomer  oriented  roughly  perpendicular  to  the  fila¬ 
ment  axis.  In  the  reconstructions  containing  also  trepontn-T 
or  troponin-Tl«  the  column  of  density  attributed  to  tropo¬ 
myosin  was  larger,  Indicating  the  presence  of  a  considerable 
part  of  the  troponln-T  molecule  In  that  region. 


LASER  TEHPERAmE  JUMP  STUDIES  ON  SKINNED  KUSaC  FIBERS 
J.A.  Solth',  t.E.  ColdB.n'*'.  H.O.  HibbetJ’*',  C.*.  Hsuori'*', 
M.A.  Luttnsnn^,  and  J.A.  McCray* ,  Dept,  ot  Physics  and 
Atmospheric  Sciences,  Drexel  University  and  Dept,  of 
Physiology,  University  of  Pennsylvania  ,  Phila.,  PA  U.S.A. 

Ve  have  developed  a  new  and  non-destructive  method  for 
abruptly  Increasing  the  temperature  (T«jump)  of  a 
contracting  muscle  fiber.  Skinned  single  fibers  from  frog 
sealtendinosus  or  rabbit  psoas  muscle  were  Immersed  In  a 
trough  of  rigor  or  activating  solution  aligned  In  the  beam 
of  a  holmlum  laser.  A  200  ;;s,  IJyp  -  - 


500  mJ  pulse  of  Inf  tared  %  .1  .c 

radiation  2065  nm)  was  V 

absorbed  by  water  {<4“>7  cm'^)^  ^ 

so  that  the  temperature  of  the'^  ;'gL  •“  **"■ 

solution  and  the  muscle  fiber  i  i 

Increased  by  6^C.  The  figure 
shows  tension  transients 

following  a  T-jump  from  2^  to  8^  C  in  a  frog  fiber,  in 
rlgor«  the  T-Jump  caused  an  abrupt  decrease  In  tension.  As 
the  trough  cooled  over  the  next  5  s  rigor  tension  returned 
to  Us  original  level.  Vhen  the  same  fiber  was  fully 
activated  at  15  mrt  MgATP  and  ‘~30  >iH  Ca  ,  the  tension 
Increased  after  the  T-jump  in  at  least  two  kinetic  phases 
and  reached  a  maximum  value  at  "ISO  ms,  after  which  tension 
decreased  again  as  the  trough  cooled.  The  rigor  tension 
decrease  Indteatea  thermal  expansion  of  the  contractile 
proteins,  while  the  aeVtve  tension  inercsse  probably 
reflects  cross-bridge  cycle  kinetics.  Supported  by  NIH 
grants  AM26846  and  AH00745  end  a  Drexel  Research  Award. 
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BINDING  OF  ATP  10  WOSIH  SF-I,  ACTKIYOSIN  SF-I  AND  COVAIENTLY 
CROSSLINKEO  ACTOHYOSIH  SF-1,  T.E.  Baman,  J.A.  Biosca  and 
F.  Travers,  Institut  National  <je~ia  5ant6  et  <fe  la  Recfierche 
Hfidicale,  Ct^S,  ^Jontpellfer,  France. 

The  presteady  state  kinetics  of  the  binding  of  ATP  to 
nyosin  SF-l,  actofijyosin  SF-1  and  covalently  crossl inked  acto- 
R^osin  SF-l  were  studied  by  the  chase  oethod  in  a  flow 
quench  apparatus.  The  binding  processes  were  slowed  down 
with  40  %  ethylene  glycol  as  solvent  at  5  sKKCI,  pH  8,  15  ^C. 
The  kinetics  were  studied  as  a  function  of  the  ATP  concentra¬ 
tion.  The  binding  of  ATP  was  tiglit  to  all  three  proteins. 
With  ayosin  SF-1  and  actooyosin  SF-l,  the  binding  process 
Ifollowed  an  hyperbolic  law  with  the  ATP  concentration.  This 
’suggests  a  two  step  binding  process  :  a  rapid  equilibriia 
(Ka)  followed  by  a  slow  confonsational  change  (k).  The 
values  for  Ka  and  k  for  the  two  proteins  were  different 
{K  ■  1,15  X  10’  H"l,  k  ■  15.6  s“*  for  rayosin  SF-1  and  K  a 
3;5  X  10^  H*l,  k  a  62.7  s"^  for  actoesyosin  SF-1).  A  two  step 
binding  process  for  ATP' to  covalently  crosslinked  actoesyosin 
SF-1  could  not  be  denonstrated  :  the  slope  of  the  ATP 
dependency  curve  was  3,4  x  10^  M-1  -s"!.  These  results  can  be 
interpreted  as  showing  that  the  confomations  of  the  ATPase 
site  of  psydsih  SF-I  is  nodified  in  actoesyosin  SF-1  and 
covalently  crosslinked  actonyosin  SF-1. 


045 

ELECTRON  MICROSCOPIC  STUDY  OF  ACTIN-TROPOMYOSIH 
-HEAVY  HEROHYOSIN  RIGOR  COMPLEX 
H.  Kajtyaaa.  Y,  Shlrakihara  and  T.  Wakabayaahi, 
iDeparcaent  of  Physics,  Faculty  of  Science,  Univer¬ 
sity  of  Tokyo,  Bunkyo-ku,  Tokyo,  Japan 

Since  thin  fllanent  containing  troposiyosln  was 
used,  electron  otcrographs  of  the  longer(*l-6  x  380 
A)  and  v:ore  straight  rigor  cooplex  were  obtained. 
Larger  box  size  was  used  so  that  the  outer  region 
of  the  aetin-troponyosin-heavy  neroayosln  rigor 
cooplex  is  Included  in  the  reconstructed  ioage. 

It  was  shown  that  the  whisker  of  arrow-head  has  a 
dense  turning  point.  The  analysis  of  such  an 
ioage  of  actin-tropooyosin-heavy  aeroayosln  coa- 
plex  enables  the  observation  of  the  shape  and  size 
of  intact  ayosin  heads  in  rigor  state  and  the  de¬ 
tailed  structural  analysis  of  linkage  of  two  heads 
and  ayosin  rod.  Other  than  najor  dooalns,  in  the 
reconstructed  inage,  we  can  see  three  kinds  of 
circuoferences  at  the  radii  of  about  100  ±  10,  130 
^  to  and  166  ^  10  A.  At  the  outer  radius  of  about 
Too  A,  the  above-oenticned  dense  region,  F,  G  and 
new  areas  reside.  The  contour  length  of  intact 
ayosin  head  was  about  200  A.  He  are  now  analysing 
further  data  with  respect  to  these  fine  structures 
and  the  features  of  najor  dooalns. 


CONFORMATIONS  OF  MODIFIED  TROPOHYOSINj  INTERACTION  STUDIES. 
B.  Nagy  and  H.  Bldlkovska-Nagy,  Dcparcecnc  of  Neurology: 
Departsent  of  Phansaeology  and  Cell  Biophysics:  Departsent 
of  Microbiology,  University  of  Cincinnati  Medical  College, 
Cincinnati,  Ohio  USA. 

Studies  on  the  chronophoric  tyrosine  side  chains  of 
rabble  skeletal  suscle  eropoayosin  with  use  of  absorption, 
fluorescence- and  circular  dlchrole  spectroscopy  indicated 
significant  ehvironscntal  effects  in  the  native  protein. 
Solvent  perturbation,  pH  and  denaturaeion  studies  inoicaced 
and  reconstructed  coiled-coll  helical  pattern  conflreed  that 
in  o(-he!ical  native  state  10  of  12  tyrosines  of  the  aole- 
cule  have  close  proxialty  carboxyl  neighbors.  Fluorescence 
intensity  increase  of  2.6  fold  in  protonation  or  denature- 
tloR  confirrsed  carboxyl  quenching.  Circular  diehroic  spec¬ 
tra  of  tyrosines  in  native  state  also  changes  on  protona- 
cion.  Since  tyrosines  are  widely  distributed  along  the 
polypeptide  chain  in  TM,  the  quenched  fluorescence  ineC- 
helical  state  can  be  used  as  an  indicator  for  retained  con- 
foroation  upon  extensive  anlno  acid  side  chain  aodificaeions 
with  use  of  succlnylation  or  reaction  with  fluorescaalne. 
Fluorescaaine  is  the  fastest  and  cost  benign  reagent  for  the 
prisary  aaine  containing  actno  acid  side  chains  of  troposyo- 
sln.  It  labels  the  whole  surface  of  coiled-coll  cropoayosln 
Blocking  the  priaary  aaincs  blocks  tryptic  digestion.  Tropo- 
syosin-accin  coaplex  hinders  fron  fluorescaaine  soae  of  the 
sites.  Trypsin  digestibility  of  fluorescaaine  labeled 
cropoayosin  froa  the  coaolex  indicates  side  chain  locations 
on  tropoayosin  surface  by  the  interactions. 


046 

Structural  studies  of  filaoentous  actin  using  X-ray  fibre 
dlffr^tlon  and  Magnetic  Birefringence. 

A.G.  Fowler*,  J.  Reed^  and  D.  Suck* 

•European  Molecular  Biology  Lab.Postfach  10.2209  £>-69 
HD.,FRC.  Postfach  10.2209,  0-69  HD., FRG.  $Deutschcs  Krebs 
ForshungS‘Zeatrta.  Is  Neuen.heloer  Feld,  D.69  KD.,rfiG.’ 

Thin  filaoents  purified  froo  the  scallop  Fecten  eaxlaus 
adductor  nuscle  orient  reversibly  in  a  strong  oagnetic 
field.  Magnetic  birefringence  was  esployed  to  establish  i) 
conditions  for  optimal  coupling  to  the  magnetic  field, 
including  pH,  ionic  strength  and  the  foroation  of 
paracrystdls  ii)  the  magnitude  of  the  Cotton  Kouton 
coefficient. 

Birefringence  kinetics  of  f-actln  polymerised  in  the 
magnet  yields  two  time  constants.  The  fast  component  is 
associated  with  a  strong  linear  dichroism  In  the  near  UV; 
the  result  of  interfilament  ^bundling*. 

X-ray  diagrams  of  oriented  f-actin  gels  reveal  a 
marked  absence  of  scattering  in  the  range  0.5  to  0.8na-l. 
YnTs  Ts""con"5T"steht  With  a  mcDlle  tertiary  structure  for  the 
actin  monomer. 


047 
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THE  APPLICATION  OF  A  TWO-STATE  ACTIN-MYOSIN  MODEL  ON  TOE 
CONTRACTING  LEFT  VENTBiaE  OF  TOE  RABBIT.  FAM  van  Ka^, 

EL  de  Beer  and  P  Schlereok,  Dept,  of  Med.  Physiology,  State 
Unlv.  Utrecht',  Vondellaan  24,  Utrecht,  The  Netherlands. 

Controlled  voluae  char.gcs  are  perfort&ed  on  Isolated 
contracting  left  ventricle  of  a  rabbit  and  coapared  with 
model  calculations  based  on  a  two-state  actin-ayostn 
interaction  model.  Ir  skeletal  muscle  a  typical 
shoulder-shaped  force-transient  is  found  during  a  tetanus. 
This  shoulder  Is  simulated  by  a  two-state  actln-ayosln 
Interaotion  uodeKVan  Kaaa  et  al.1983,d.  Biosech.  In  press). 
Despite  discrepancies  in  geometry,  hoaogenetty,  and  isotropy 
a  simitar  shoulder  is  observed  during  steady  volume  releases 
in  contracting  left  ventricles  (Van  Kaaa  et  al.,  1963,  Arch. 
Int.  Physiol.  Bioch.  91:451).  The  present  study 
characterises  the  sl^ulder  by  means  of  the  amplitude  and  the 
time  of  the  voltsse  release  at  which  the  pressure  time  course 
reveals  a  point  of  inflexion,  i.e.  d^p/dt*^tO«  The  behaviour 
of  the  point  of  inflexion  depends  on  velocity  of  release  and 
la  comparable  with  the  point  of  inflexion  shown  during 
steady^  shortenings  in  skeletal  muscle.  At  larger  velocity, 
d^p/dt^  equals  zero  at  larger  amplitude,  while  the  period  to 
reach  this  point,  is  decreased.  In  order  to  fit  tsovoluaic 
contraction  the  two-state  model  (Julian  el  al«,  1974, 
Blophys.  J.  14:546)  is  extended  with  a  time-dependent 
activation  function.  The  paraseters  of  this  activation 
function  were  fitted.  Afterwards  the  calculated  activation 
curve  was  used  to  describe  the  pressure  curve  as  affected  by 
a  steady  volume  release.  Calculations  and  experimental 
results  are  coapared  both  qualitatively  and  quart! tatively. 
The  agreement  is  rather  well. 


A  REGION  OF  TROPONIN  C  CONTAINING  RESIDUES  89-100 

UNDERGOES  FAST  CONFORMATIONAL  CHANCES  UPON  Ca^*-BIND1NG  TO 
SITES  X  AND  II.  Z.  Crabarek,  P.C.  Leavis  md  J.  Cergely., 

Dept.  Muscle  Res..  Boston  Biomed.  Res.  Inst,  and  Dept. 

Neurology,  Hass  General  Hosp.,  Boston  KA  02114. 

Residues  89-100  of  ThC  and  96-116  of  ThI 

Interact  with  each  other  in  the  troponin  complex 
(Ddigirno  et  al.,  19i2.  FEBS  Letters,  150:54)  end  are 

necessary  for  the  Ca^*-sensltlve  Inhibition  of  actonyosin 
ATPase  activity  (Sysks  et  al.«  1976,  Blochen.  J.  153:375., 
Grabarek  et  al.,  1981.  J.Biol.  Citfo.  256:  13121).  In  order 
to  determine  whether  regulatory  Ca^^-blndlng  sites  (1,11)  or 
Ca*^*-Mg^*^  sites  (in, IV),  induce  changes  In  C^q  Have 

ifionttored  the  fluorescence  of  ThC  labelled  iu  cys-9B  with 
1,5-lAEDANS.  Tltratlor.  of  the  labeled  ThC  with  Ca^*  has 
shown  that  the  probe  is  sensitive  to  binding  to  site  III  and 
IV  with  or  without  Tnl  present.  We  have  performed  stopped 
flow  experiments  on  labeled  TnC  In  the  presence,  of  Mg^*. 
There  Is  rapid  fluorescence  Increase  related  to  Ca  -binding 
to  moccupied  sites  I  and  XI  followed  by  a  slower  phase 
(ksll.4  s'"*)  that  represents  Hg^^-Co^*  exchange  in  sites  III 


and  IV.  In  the  presence  of  ThX  only  the  fast  chmge  is 
detected.  Thus  the  presence  of  Hg**  at  sUc  III  and  XV 
permits  the  detection  of  rapid  changes  In  the  envlrcximent  of 
Cys-98  upon  Ca^*-blr.4lng  to  the  regulatory  sites  I  and  II, 
This  rapid  change  may  be  Instrumental  in  triggering 
activation  of  the  thin  filament  by  transferring  information 
to  ThI  via  a  change  In  the  contact  between  and 

*S6-U6' 
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X-RAY  DIFrRACTKSi  STUDIES  IN  RADIALLY  COMPRESSED  FISO  SKINNED 
MUSCLE  FIBERS. 

Y.Uiiazuis^,  Departoent  of  Physiology,  The  Jikol  Unlvonity, 
School  of  Xcalcine,  Minato-ku,  Tokyo,  JAPAN. 

One  of  the  interaction  energies  between  Ayofilasents  is 
electrostatic  r^ulsive  energy  which  Is  exerted  by  negative 
charges  of  the  filasents.  Proa  the  relation  between  osaotic 
coapressing force  exhxbltedby  polyvinylpyr«lidone  (PVP,K-30) 
and  fiber  width  (D)  or  l»0  lattice  spacing  (d|,),  we  can 
deteraine  the  radial  stiffness  (K)  which  would  reflect  the 
electrostatic  repulsive  force  affected  by  divalent  cations  or 
pH.  Ve  studied  the  effects  of  nagneslua  ion  (Mg)  and  pH  on 
K  by  neasuring  D  under  the  sicroscope  and  d|«  fros  equatorial 
reflections  of  X-ray  diffraction  patterns  in  single  esechani- 
cally  skinned  fibers  at  20^0  (ionic  strength  was  fixed  at 
O.IS  K).  Vhen  PVP  was  added,  the  skinned  fiber  shrinked  in 
D  cr  d)«.  Above  1  XPVP,  the  rate  of  shrinkage  of  0  was  highly 
proportional  to  that  of  d|4.  In  the  fibers  of  the  sarcoaere 
length  (L)of  2.5  vo,  d,,'swcre  4l.4i0.7  (n=13),  38.3  t  0.8 
(8)  and  41.1  t  0.4  (3)  nn  in  pH  7  (standard- solution;  Mg  1, 
KgATP  4,  ECTA  4,  PIPES  10  and  KCl  DO  fiX),  pH  6  and  30  cM  Mg 
(pH  7)  respectively.  In  6  X  PVP,  each  d,,  was  32.7  t  0.2  (4), 
28.8  i  1.2  (10)  and  28.640.7  (6)  m.  Below  d|«  Of  35  ns,  K 
showed  significantly  ssaller  values  in  pH  6-6.5  or  10-30  cK 
Kg  than  in  the  standard  solution.  Effectsof  pH  and  Mg  were 
also  observed  in  the  fibers  of  L  •  4  va,  in  which  d|>  was 
37,441.3  (15)nb  in  standard  solution.  We  considered  that  a 
change  in  conforaation  of  KKM  can  explain  these  changes.  A 
provisional  oodel  is  proposed,  In  which  the  effect  of  Hg  or 
low  pH  is  to  decrease  the  rigidity  of  S1-S2  or  S2rLXM  hinge. 

051 

BATCHET-iWD-PAVL  APPROACH  TO  MUSCLE  CONTRACTION 
Nell  Tho^s,  Physics  Depc.y  Bixninghaa  Univ. ,  Birainghaa  IS 
Shortening  velocities  of  a  few  suscle  lengths  per  second 
are  cosaon  for  unloaded  frog  sartorius  suscles  when 
sti&ulated,  but  stretching  velocities  are  only  a  soall 
fraction  of  this  (provided  that  the  stretching  force  is  not 
too  high).^  iniis  asyscMtrical  behaviour  1$  als9  apparent  in 
length-step  experiaents^’^,  which  show  a  rapid  recovery  froa 
a  sudden  release  and  a  euch  slower  recovery  froa  a  sudden 
stretch.  The  asyssetry  can  be  uruierstood  in  slaple  teras  if 
we  regard  the  thin  filaaencs  and  ayosin  cross-bridges  in 
striated  auscles  as  a  alcroseopic  ratchet-and-pavl  systea. 
This  is  analysed  using  Feynaan's  approach  to  a  thetaally 
driven  ratchet  acting  as  a  heat  engine,^  Heat  froa  the  hot 
reservoir  is  used  to  represent  the  energy  obtained  froa  ATP 
in  real  tuscle,  and  this  phenoacr.otoglcal  viewpoint  leads  to 
a  reaarkably  siaple  explanation  for  the  force-velocity 
characteristic  and  for  the  heat  of  shortening.  Following 
Huxley  and  Siaaon$^»  we  include  a  series  elastic 'coaponeot 
for  each  cross-bridge- to  treat  transients,  but  we  go  further 
by  including  the  aasses  of  the  thick  and  thin  filaaents  to 
construct  a  mdel  of  a  whole  ayofibrll.  Finally,  it  is 
suggested  that  the  ratchet  aechanisa  uy  still  operate  in 
relaxed  cuscle. 

1.  N. A. Curtin  and  R.E. Davies,  Cold  Spring  Harbor  Syap.  on 
Quant.  Biol.  37.  619  (1972) 

2.  A. F. Huxley  and  R.M.Simons,  Nature  233,  533  (1971) 

3.  H.E.Huxley  et  al.,  Proc.  Nat.  Acad.  Sci.  78.  2297  (1981) 

4.  R.P.FeynaanT  in  Feyraaan  Lectures  on  Physic?,  Vol.  I, 

Ch.46  (Addison-Vesley  1^63) . 

053 

DIFfiRENTIAL  EFFECTS  OF  ANESTHETICS  AND  ALCOHOLS  ON 
HrOCAROIAL  EXCITATION-CONTRACTION  COUPLING. 

C.  lynch  III,  Dept,  of  Anesthesiology,  Unlv.  of  Virginia 
Medical  center,  CharlottesvUle,  Virginia  22908,  USA 
Depressant  effects  of  local  anesthetics,  volatile 
anesthetics  (isoflurane  or  halothane)  and  aliphatic  alcohols, 
which  have  anesthetic  properties  sinilar  to  volatile  agents, 
were  studied  on  twitch  responses  and  meetrane  action  poten¬ 
tials  (AP)  of  guinea  pig  papillary  suscles.  l^sdcs  (field 
stiinulated  at:  rested  state,  0.1,  0.25,  0.5.  1,  2,  and  3  Hz) 
were  studied  in  nortnal  Tyrode  solution,  or  in  26  K  Tyrode 
with  0.1  uK  isoproterenol,  which  produces  slow  APs  and  a 
rarkedly  augtncnted,  late-peaking  twitch  at  low  frequencies 
(rest  to  0.5  Hz),  The  aliphatic  alcohols  (0.10  oH  l-'octano), 
1.0  (nH  1-hexanoi,  3  t-oentanol)  and  isoflurane  (0.54  inH) 
unlfcrroly  depressed  (>70i^)  the  late-peaking  tension  at  low 
frequencies  and  the  late  rate  of  tension  development  (oTl), 
while  causing  less  depression  (5-30X)  of  tension  at  2-3  Hz 
stiirulation  and  having  little  effect  on  the  Initial  rate  of 
tension  development  (dTi).  These  agents  Increased  the  AP 
duration  at  low  freq.,  and  slightly  depressed  the  slow  AP 
rate  of  rise,  lidocaine  (100  uH)  and  buplvacaine  (10  uH) 
showed  a  similar  differential  pattern  and  degree  of  contrac¬ 
tile  depression.  The  increase  in  nyoplasmic  Ca  causing  con¬ 
traction  at  low  rates  of  stimulation  appears  to  be  inhibited 
by  these  drugs,  with  little  effect  on  excitation-contraction 
coupling  at  increased  frequencies.  The  potency  of  each 
€oe‘<pound  In  depressing  dTl  was  proportional  to  its  octanol: 
water  partition  coefficient.  In  contrast,  halothane  unifom- 
ly  depressed  tension,  dTi  and  dTl  at  all  frequencies. 
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A<?AST  PHYSI0L0C1CAL  TECHNIQUE  TO  DETERMINE  THE  FIBER  TYPE 
VHiCH  CORRELATES  VITR  MYOSXK  LIGHT  CHAIN  COMPLEMENTS  IN 
SKELETAL  MUSCLES.  Katacaka  ^val  and. Frederick  H. 

Schachat,  Dept,  of  Anatoay  acd  Cell  Biology,  Coluabia 
Ufiivertity,  New  York,  N.Y.,. 10032.  D.S.A. 

Sinusoidal -analyais  technique  was  applied  to  single 
fibers  froa  slow  (SF)  twitch  cuscles  and  fast  (FF)  twitch 
auscles  (psoas,  tibialis,  EDL,  dlaphraga,  solcus,  seal- 
tendinosus)  froa  rabbits.  The  difference  of  transient 
response  was  exoained  in  order  to  find  s  quick- physiologi¬ 
cal  eethod  to  deteraine. the  fiber  type.  Our  investiga¬ 
tion  shoved  that  SF's  coaplex  stiffness  during  aaxiaal 
activation  is  very  different  froa  that  of  FF.  In  FF 
coaplex  stiffneas  consists  of  3  charseteristie  exponential 
processes  (A),  (B),  and  (C),  vhereas  in  SF  process  (C)  is 
large  in  aagnitude,  but  proeessea  (A)  and  (B)  are 
strikingly  saall.  In  addition,  vc  found  that  apparent  rate 
constanta/are  9-27  tiaes  faster  in  FF  coapared  to  those  of 
SF.  Assuaing  that  the  aechanisa  of  energy  transduction  is 
the  saae  for  both  auscle  types,  the  above  results  can  be 
interpreted  to  eean  that  the  intrinsic  rate  constants  of 
faster  reactions  in  the  cross-bridge  cycle  are  different  by 
a  factor  of  27  betven  FF  and  SF.  In. order  to  exaaine  if 
our  phyaiologieal  assay  ia  consistent  with  known  light 
chain  coapleaenta,  the  aaae  fibers  were  also  analyzed  on 
SDS  FACE.  A  1002  correlation  between  the  phyaiologieal 
identification  and  the  gel  identification  of  fiber  type  vaa 
obtained.  This  observation  justifiea  Che  use  of  sinusoidal 
analysis  to  determine  the  fiber  type,  and  suggests  the 
inportance  of  light  chains  in  cross-bridge  functions. 

052 

CHANCES  IN  THE  X-RAY  DIFFRACTION  PATTERN  OF  TBTANIZED  FROG 
SKELETAL  MUSCLE  DURING  SirmSOIDAL  LENGTH  CHANGES,  STUDIED 
BY  SYNCHROTRON  RADIATION 

K.  Kakeibayashl,  H.  Tanaka,  T.  Kobayashl,  Y.  Aacalya,  T. 
Banan^a,  S.  Hlshizawa,  H.  Sugl  and  T.  Mitsui,  Photon 
Factory,  National  Laboratory  for  High  Energy  Physics,  Oho- 
nachl,  Ibaraki-Kcn,  Japan 

To  study  tho  dynaalc  behaviour  of  the  cross-bridges, 
sinusoidal  length  changes  (1%,  10-Hz)  were  applied  to  iso- 
setrlcally  contracting  frog  sartorius  suscles,  and  the  re¬ 
sulting  changes  In  the  X-ray  diffraction  pattern  were  oxaa- 
ined  at  10  tasec  intervals,  using  the  dlffractceeter  cade  by 
Aacatya  et  al.  (1983)  for  synchrotron  radiation.  Both  tho 
equatorial  and  aeridlonal  reflections  exitibitod  distinct 
periodic  changes  In  response  to  the  eusclo  length  changes. 
The  equatorial  1,0  and  1,1  intensities  changed  nearly  in 
phase  and  in  antiphase  with  the  length  change,  respectively. 
The  above  changes  In  tho  equatorial  reflections  were  Duch 
core  narked  than  those  taking  place  in  response  to  slow 
stretches  (Sugi  et  al.,  1977|  Yagi  et  al.,  1977}  Tanaka  ct 
al.,  1983)  or  quick  length  changes  (Aseaiya  et  al.,  1980} 
Huxley  et  al.,  1981).  Tho  nerldional  143  A  intensity 
changed  In  a  very  characteristic  Danner  with  the  length 
changoi  it  decreased  for  both  the  release  and  stretch  phases 
of  the  sinusoidal  length  perturbation  and  exhibited  a 
DaxLtxa  at  tho  boundary  freo^ stretch  to  release  phases. 
Fourier  analysis  of  tho  143  A  intensity  change  indicated 
that  the  second  hanaonics  had  an  asplitude  coaparable  to 
that  of  the  fundaaental  frequency  cooponent. 
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CROSS-BRIDGE  MOTION  IN  SKINNED  FIBERS  STUDIED  BY  OPTICAL  EL- 
LIFSOMETRY,  R.J.  Baekln.  K.  Burton,  H.  Jones  and  Y.  Yeh, 
Depts.  of  Zoology  and  Applied  Science,  Unlv.  of  Lallf.,  Davis 
Calif.  95616,  U.S.A. 

Optical  ellipsosetry  studies  of  single,  skinned  oiscle 
fibers  conducted  on  the  diffraction  orders,  have  yielded 
spectra  which  are  sensitive  to  the  state  of  tho  fiber.  The 
linearly  polarized  light  field  vector  becoacs  elliptically 
polarized  when  collected  at  the  diffraction  orders.  Under 
certain  conditions,  the  elllptlcity  spectra  exhibit  dtfferen' 
ces  between  left  and  right  order  lines  as  veil  as  between  thf 
various  orders  of  a  given  side.  Fibers  that  have  been  sub¬ 
ject  CO  extraction  of  nyosln  (0,6H  KCl)  retain  a  diffraction 
patte-n  but  exhibit  no  depolarization  of  tncldunt  linearly 
polarized  light.  A  significant  decrease  in  polarization  is 
seen  in  skinned  fibers  that  are  subject  to  an  increase  in  pH 
froa  7.0  to  8.15.  Tills  Increase  in  pH  results  in  a  decrease 
of  vjox  in  the  depolarization  angle  of  single  flber.s.  Our 
studies  show  that  the  depolarization  is  caused  by  tho  ayosin 
aolety.  The  aajor  decrease  In  depolarization  angle  that  wo 
observe  at  pH  •*  8.15  is  consistant  with  the  notion  that  as 
crossbridges  aove  out  froa  the  shaft  of  the  thick  fllaaent, 
their  ability  to  cause  depolarization  ot  tho  incldxnt  linear¬ 
ly  polarized  light  decreases.  (Yeh,  Corcoran,  Baskin,  and 
Lleber,  Biophysical  J.  (1983)  343-351.  This  interpreta¬ 

tion  is  also  consistent  with  the  work  of  Ueno  and  Harrington 
(J.  Mol.  Biol.  (1981)  149,  619-640)  where  the  decrease  In  the 
ability  to  crosslink  S-1  and  S-2  to  the  thick  flloMnt  at 
pH  •  8.2  suggests  crossbridge  aoveaent  away  froa  t^e  thick 
fllaaent. 
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A  CONSIDERATIOM  OK  THE  ELASTIC  PPOPESTIES  OF  THE 
COKTFACTILE  MACHIHERT  IK  MUSCLE 
r.  Katta,  V.  Tdcura  and  H.  Sugi,  Dept,  of  Appl. 
Fhys. ,  iiagoya  Univ. ,  Chikusaku,  Nagoya,  Japan. 

We  have  measured  the  change  in  the  sound  veloc¬ 
ity  during  contraction  in  the  settitendinosus  zaus- 
cles  of  the  bullfrogCSana  catesbeiana) ,  using  the 
7  KHz  ultrasonic  pulse  propagation  nethod(Tasiura 
et  al.,  1982),  and  found  fron  the  sound  velocities 
at  lest  and  during  contraction  that  the  increzienr 
of  the  elastic  stiffness.constant  above  the  rest¬ 
ing  value  was  6x10^  M  during  the  tetanus-  An 
analogous  value  can  be  estimated  froa  the  slope  of 
the  ti  curve  of  Ford  et  al.(ld81)  using  the  quick 
release  conplcting  in  0.2  jas.  The  above  agreeaent 
indicates  that  the  additional  elastic  elenent  ap¬ 
pearing  during  the  activation  of  the  contractile 
aachinery  has  aloost  no  frequency-dispersion  fron, 
kHz  to  KHz  region.  However,  care  should  be  taken 
for  the  fact  that  the  clastic  aeasureaent  with  low 
frequency  perturbations  at  kHz  produces  the  change 
in  the  cross-sect* ?nal  area  of  the  cuscle  and 
therefore,  makes  possible  to  obtain  Young's  modu¬ 
lus,  which  is  different  froo  the  spring  constant 
directly  sustaining  the  generated  force.  In  this 
sense,  we -emphasize  that  our  neasureaeht  with 
ultrasonic  waves  is  the  only  method  to  give  the 
true  elastic  stiffness  constant. 


COKPARATIVE  STUDIES  OF  THE  ACTIVE  SITE  STRUCTURE  OF  SKELETAL 
AMO  CARDIAC  HYOSIHS.  Yoh  OKaaoto  and  Ralph  6.  Yount. 
Biocheafstry/Bfophyslcs  Program  and  Department  of  Chemistry, 
l^shinqton  State  University,  Pulltnan,  VA  99164-4630. 

The  active  site  of'bovine  cardiac  myosin  has  been  labeled 
by  a  photoaffinity  analog  of  ADP,  M-(4-d2Sdo,2-nitroanilino>' 
ethyl  diphosphate  (HAflDP).  KgNANOP  was  trapped  stoichlo- 
eetrically  at  the  active  site  by  cross-linking  of  SK,  and  SH^ 
by  a  to(Il)/Co(III)phenanthro1ine  system  or  by  p-phenylene  ^ 
dimaleiaide.  Trapped  flANOP  reacted  with  cardiac  subfrago^nt 
oneTSF,)  during  photolysis  for  2  oin  in  a  laanner  similar  to 
that  of  skeletal  SF.  [Y.Ckamoto  and  R.G. Yount,  Biophy.J. 
(1983),  41 ,  298a].  Radioactivity  of  [3H]-NAjjOP  was  found 
only  in  the  95K-hedvy  chain  fragment  after  SDS-PAGE. 
limited  trypsin  digestion  further  localized  the  reactedHAND! 
to  the  N-terainal  25K  peptide.  After- extensive  trypsin  and 
subtHisin  BPH’  digestion  in  the  identical  roanner  for 
skeletal  SF,,  two  major  radioactive  peptides,  CPI  and  CP2, 
were  found  at  exactly  identical  positions  in  the  KPLC 
chromatogram  for  KMD^  labeled  peptides  from  skeletal  SF., 
Initial  sequence  studies  indicate  HANOP  reacts  with  a 
specific  Trp  residue  adjacent  to  a  trimethyllysine  residue 
in  both  skeletal  and  cardiac  myosins.  Supported  by  an  HDA 
Fellowship  to  Y.O.  and  NIH  grant  AH-05195  to  R.G.Y. 
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CHA.*JGES  IN  TOE  EQUATORIAL  X-RAY  DIFFRACTION  PATTERN  FROM 
lETANlAED  FROG  SKELETAL  MUSCLE  DURING  AND  AHER  A  SLOW 
STRETCH  H.  Sugl.  H-  Tanaka,  T.  Kobayashl  and  Y.  Asaalya, 
Photon  Factory,'  National  Laboratory  for* High  Energy  Physics, 
Ohouachl,  3baragl-k«n,  Japan 

Vhen  a  tetanlzcd  euscle  Is  slovly  stretched,  the  force 
attained  after,  stretch  Is  appreciably  larger  than  the  Iso¬ 
metric  force  at  the  sase  susclc  length, ^despite  the  reduced 
amount  of  myofilament  overlap.  The  eechanlss  of  force  en¬ 
hancement  by  stretch  was  studied  by  the  tloe-resolved  X-ray 
diffraction  technique  with  Intense  X-ray  source  at  the  Pho¬ 
ton  Factory.  The  sartorlus  muscle  of  the  bullfrog  was  iso- 
setrlcally  tecanlsed,  and  slowly  sttetched  at  about  O.OS 
length/sec  for  0.25  s'ec.  This  procedure  was  repeated  3  tines 
without  appreciable  suscle  fatigue,  and  the  resulting  change 
In  the  equatorial  reflections  was  exaalned  with  a  tlco  reso¬ 
lution  of  0-25  sec.  The  Intensity  of  1,1  reflection  deercas* 
ed  during  stretch,  and  then  shoved  partial  recovory  after 
the  costpietlon  of  stretch;  the  recovery  of  the  -1,1  Intens¬ 
ity  took  place  In  parallel  with  the  decay  of  force  after 
stretch.  Meanwhile,  the  1,0'lhtenslty  showed  a  large  scat¬ 
ter,  and  did  not  change  significantly  by  stretch.  These 
results  are  consistent  with  the  Idea  that  the  force  enhance- 
sent  by  stretch  Is  associated  with  the  disordering  of  syo- 
fllaaent-lattlce  spacing,  which  results  In  an  Increase  In 
the  overall  electrostatic  repulsion -forces  within  the  whole 
fllaaent-lattlce  system;  the  Increased  electrostatic  repul¬ 
sion  forces  would  show  up  as  the  force  increment  after  the 
cosplecion  of  stretch. 


059 

HMPLASHIC  Ca  TRANSItNIS  AND  SARCOPIASHIC  RHICULUH  Ca 
MOVEMENTS  IN  fROG  SKELEIAl  MUSCLE  FIBRES  INOECTEO  HIIH 
ANIIPTRYLAZO  III.  M.  E.  Oulnta-Ferrelra.  S.  H.  Baylor 
and  C.  S.  kul.  Oepartsenis  oi  pnyiioiosy,  University  of 
Pennsylvania,  Philadelphia,  PA,  and  BlolOGical  Sciences, 
Purdue  University,  Hest  Lafayette,  IN,  U.  S.  A. 

The  release  and  re-uptake  of  Ca  Ions  by  the  s.r.  .as 
studied  In  Intact  twitch  exjscle  fibres  by  Injecting  the 
netallochrcolc  dye  Antipyrylato  III  Into  highly  stretched 
single  fibres  and  recording  dye-related  absorbance  changes 
following  actio?  potential  stimulation.  The  dye  signal  Is 
characterized  temporally  and  spectrally  by  two  main 
isotropic  components.  The  earlier  component,  due  to  the 
formation  of  the  1  Ca:  Z  dye  complex,  appears  to  be  a 
rapid  and  linear  monitor  of  the  change  in  myoplasmlc  free 
[Ca],  whereas  the  lator  component  appears  to  reflect  an 
Increase  In  myoplasmlc  CMg)  and/or  pH.  In  order  to  estimate 
the  Ca  flux  (release  minus  uptake)  between  s.r.  and  syoplasm, 
the  computational  model  described  by  Baylor,  Chandler  and 
Marshall  (J.  Physiol.  344.  625-666.  1983)  for  analyzing 
Arsenazo  III  Ca  transients  was  used.  The  results  at  16  'C 
Indicate  that  Ca  release  and  myoplasmlc  free  [Ca]’ reach  peak 
values  of  35-45  uH/ms  and  2-4  uM,  respectively,  5-7  ns  and 
8-11  ms  following  stimulation,  the  computed  uptake  rate 
during  the  falling  phase  of  the  transient  is  presused  to 
reflect  s.r.  Ca  pump  activity  and,  when  plotted  versus  [Ca], 
reveals  a  saturating  sigmoid  curve.  The  isaxiaim  uptake  rate, 
2.0  to  2.8  pH/ms,  corresponds  to  a  pump  turnover  rate  of 
8-12  per  second.  Half-maximal  pwping  occurs  at  a  free  [Ca] 
60-100  nM  above  resting.  The  sigmoidal  foot  of  the  curve 
may  reflect  a  punp  stoichiometry  of  2  Ca  Ions  per  turnover. 
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STRUCTURAL  CHANGES  IN  A  S-2  MYOSIN  DETECTED  BY  AN  ENZYME- 
PROBE  METHOD.  H.  Ueno  and  H.  F.  Harrington,  Dept,  of  Biol., 
The  Johns  Hopkins  Untv. ,  Baltimore,  MO,  U.S.A. 

He  have  recently  developed  an  enzyme-probe  technique  to 
detect  local  conforratlohal  changes  in  polypeptide  structure 
quantitatively  (1).  The  kinetics  of  proteolytic  digestion 
and  the  sites.of  cleavage -In  the  polypeptide  chain  were 
determined  by  7ol lowing  the  tine-course  of  fragmentation  on 
SOS-gels.  Cleavage  rate  constants  for  a  substrate  protein 
are  normalized  by  Intrinsic  hydrolysis  rate  of  an  enzyme 
for  a  model  co.'ipound,  and  the- normalized  rate  constants  were 
compared.  Using  this  method,  we  studled  the  cleavage  of 
Isolated  rod  and  S-t  subfragments  by  three  enzymes 
(chynotrypsin,  trypsin  and  papain)  at  5-40*C.  Me  found 
that  the  S-Z  hinge  domain  showed  much  higher  susceptibility 
to  the  enzymes  than  other  regions  of  the  myosin  rod, 
Arrhenius  plots  showed  that  the  hinge  domain  had  • 

10-40  kcal/mole,  which  was  much  lower  than  that  In  the  Lltl 
or  short  S-2.  The' hinge  domain  spans  a  region  of  about 
200  A  near  the  center  of  the  rod  (2).  In  conjunction  with 
previous  findings  (3-5),  the  present  results- strongly 
suggest  that  the  hinge  domain  undergoes  substantial  melting 
upon  activation. 

Ref.  Ueno  i  Harrlngtonld)  0MB,  (1984)  173,  35.  (2)  JIB 
{1984).  sulxaltted,  (3)  PNAS  (1981)  78,  5TO1.  (4)  JIB 
(1981)  149,  619.)  (5)  Ueno  et  cU.^TlUSS)  JHB  168,  207. 
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hECHANISH  OF  FATIGUE  IN  SKELETAL  MUSCLE:  STUDIES  WITH 
gKINNED  FROG  FIBERS.  R.E.  Godt.  K.J.  Fender  4  T.H.  Nosek; 
Bept.  of  Physiology;  Med,  Sol),  of  Georgia!  Augusta,  GA.  USA. 
t  Both  tetanic  force  and  relaxation  rate  decrease  In 
[fatigued  skeletal  nuscle.  Recent  work  by  HtUle  and 
colleagues  (Nature  274:861,  1978;  J.  Physiol.  299:465, 

1980)  using  NMR  to  study  changes  In  Intracellular  conditions 
in  fatiguing  frog  muscles,  shows  that  the  decrease  in  bot., 
force  and  relaxation  rate  are  correlated  with  the  decllre 
In  free  energy  available  from  ATP,  due  to  the  large  increisc 
in  the  products  o'  ATP  hydrolysis  (ADP  4  PI).  These  changes 
could  produce  fatigue  by  affecting  the  sarcoplasmic  reticulum 
(SR)  and/or  the  contractile  machinery.  He  determined  the 
effects  of  these  changes  on  the  contractile  cachlrery  using 
skinned  fibers  from  frog  ((.ana  temporarla).  Control  solu¬ 
tions  contained  2  irM  MgATP  and  no  AOP  or  Pi  at  pH  7  and 
22”C  ("Infinite* affinity  for  ATP  hydrolysis),  in  solutions 
with  ADP,  Pi,  and  pH  mimicking  those  reported  for  fatigued 
muscle  (0.3  m«  AOP,  26  e«  PI.  pH  6.65i  calculated  affinity 
-43  kj/mol),  maximal  calcluo-actlvatcd  force  Is  decreased 
while  relaxation  rate  is  actually  increased,  A  similar 
depression  of  force  and  accelei'ation  of  relaxation  vas 
observed,  however.  In  similar  solutions  with  PI  but  no 
added  ADP.  Lowering  pH  had  a  small  depressant  effect  on 
maximal  force.  These  results  indicate  that  the  decrease  In 
force  associated  with  fatigue  Is  primarily  due  to  an  effect 
on  the  contractile  machinery  of  the  increased  Intracellular 
PI  and  not  to  the  decrease  In  affinity.  The  decreased 
relaxation  rate  of  intact  fibers  is  likely  due  to  effects 
on  calcium  uptake  by  the  SR. 


207 


Thursday  02  August  Congress  Centre-First  Floor  Posters  061 -066 

Posters  on  Cross-Bridge  Mechanisms  and  Muscle  Contraction 


061 

A  TEMPERATURE  JUMP  KETW®,  TO  E&  USED  JK  THE  STUDV  OP 
EXCITATICt.'-COfffRACTlON  COOPEXM* 

J.W.  Metselaar,  J.  Crezee  and  H.G.  Goovacrts,  Dcpartf^nt  of 
Medical  Physics#  Faculty  cf  Medicine#  Free  University# 
Asster^a#  i;etkerla;.*ds. 

The  action  potential  and  the  force  of  contraction  are 
governed  by  fast  processes,  sose  of  vhlch  are  strongly 
te:^rature  dependent.  In  order  to  study  these  processes 
and  their  interrelaticKishlp  a  sethod  has  been  developed  in 
which  an  Isolated  papillary  auscle  of  the  rabbit  heart  can 
be  sickly  raised  in  tesperature.  The  fast  Increase  of  the 
Busclo  ter^rature  is  obtained  by  aeans  of  the  local 
dissipation  of  heat  free  an  alternating  current  of  30  MHz. 
The  zMthod  has  the  advantage  that  the  heat  is  developed  in 
the  Busclo  as  well  as  In  its  iasedlatc  surroundings  so  that 
the  speed  of  tesperature  Increase  of  the  whole  ctuscle  is  not 
hindered  by,  heat  conductlM.  The  tesperature  distribution 
and  its  tiae  dependence  can  be  aeasured  with  a  seall  thenao« 
couple  with  a  short  response  ti&e  (<  1  as)  and  a  high 
spatial  resolution.  Specific  features  of  the  acthod  arc  that 
the  auscle  tesperature  can  be. Increased  3^C  In  about  IS  as# 
with  a  dissipative  power  of  15  V.  Reliable  acasuroaent  of 
action  potential  and  force  of  contraction  is  possible  laae- 
dlately  aftcr-the  power  puls.  The  applicability  of  the  ZMthod 
is  demonstrated  by  the  result  that  the  shape  of  the  action 
potential  responds  to  the  tesperature  jusp  in  a  few 
excitations  and  the  force  of  contraction  within  one 
contraotlon. 
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BlOENERGErrCAI,  INVESTIGATIONS  BASED  ON  HECHANICAL 
AND  RESPIRATOR!  PARAMETER  OF  CICLIC  SPORT-MOVEMENTS 
A.  TBrak.  1.  ocsovszky,  3.  TakAcs,  G.  Zonbori'  and 
F.  Cuba/  Inst.  SlocheRt.Univ. Med. Sci. Szeged  and 
*Csongrad  county  Council  T.B.  Hospital-Sanatorium, 
Szeged-Deszk,  Hungary. 

The  swimming,  rowing,  paddling  in  kayak  or 
canoe  generally  arc  termed  as  endurance  sports, the 
forward  movement  being  impeded  by  the  drag  of  wa¬ 
ter,  of  which  density  is  several  times  higher  than 
that  of  the  air.  Ke  found  that  during  a  single  cy¬ 
cle  130-180  N  force  has  to  be  exerted  in  these 
sports.  Naturally  the  performance  is  influenced  by 
the  frequency  of  cycles  as  well  as  the  work  pet  cy¬ 
cle  or  by  the  working  capacity.  The  hardiness  could 
be  judged  on  the  basis  of  two -biophysical  parame¬ 
ters,  i.e.  the  mechanical  work  exerted  by  the  sub¬ 
jects  and  the  time  of  work.  According  to  out  meas¬ 
urements  only  0,2-0, 3  KJ/kg  work  could  be  perfoimed 
by  untrained  subjects  in  our  kayak-canoe  ergometer 
within  2-3  minutes,  while  0,5-0, 8  KJ/kg  work  was 
done  by  the  trained  ones.  The  total  energy  produc¬ 
tion  of  subjects  was  determined  by  respiratory  pa¬ 
rameters,  too.  From  the  latter  and  the  mechanical 
work  the  efficiency  of  the  organism  was  calculated 
and  proved  to  be  12-16  per  cent.  The  "Szeged- 
-mechanoergo.moter"  is  suitable  for  this  purpose 
and  in  addition  it  is  useful  for  drilling  the  op¬ 
timal  rati.ng  speed  in  rowing  sports. 
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EFFECT  OF  DIFFEEENT  AHIONS  AND  PH  ON  THE  THERMAL 
STABILIK  OF  SKELETAL  HTOSIN  ROD.  W.F.  Stafford,  Dept  of 
Muscle  R«3.|  Boston  Bloaed.  Res.  Inst.,  Boston,  MA.  U.S.A. 

The  helix-coil  transition  of  ayosln  rod  was  eonitored 
under  various  ionic  conditions  by  folloulng  the  olreuiar 
diehrolo  elllpiticity  at  222na'a3  a  function  of  tesperature. 


In  0.6m  NaCl,  5bH  phosphate,  O.tsM  EOIA,  pH  7.3.  red 
exhibited  a  hlphasio  Belting  curve  with  transitions  at  15® 
and  53°  as  seen  previously  by  Burke  et  al.  tBioohesistry  12, 
701,  (1973)1.  However,  in  0.6M  CH.coONa,  5oM  phosohate,  O.laM 
EBTA,  pH  7.3,  the  transitions  °oocurred  at  50°  and  58°, 
respectively.  The  two  transition  teaperatures,  T  ,  and  T.  p, 
increased  with  increasing  salt  concentration  ^  to  aSdat 
).0H.  Above  IM,  increasing  (NaCll  destsbijited  the  helix 
while  increasing  CCH.cooNa]  caused  the  helix  to  becoae  acre 
stable.  Substitution  ^of  aaaoniua  or  potassiua  for  sodiua  ion 
bad  no  significant  effect  on  T  showing  thst  cation  type  is 
fxit  laportant.  These  results  coPrelsted  with  papain  digestion 
experlaents  which  showed  that  digestion  at  the  S2/Ufl 
junction  was  faster  in  the  presence  of  chloride  than  in  the 
presence  of  acetate.  The  rate  was  dependent  on  chloride 
concentration  but  essentially  independent  of  acetate 
concentration  up  to  2M.  It  is  thought  that  the  intracellular 
free  chloride  ion  oonoentration  is  about  2-3  aM  (Bolton  and 
Vaughan-Jones,  J.  Physiol.  270,  801  (1977)3  and  that 
predoslnant  snlons  are  derived  froa  organic  adds.  These 
results  suggest  that  ayosln  rod  aay  bo  acre  stable  under 
physiological  conditions  than  past  solution  studies  tiave 
suggested.  (Supported  by  NlH  grant  HL-26229) 


iEFPECT  OP  DENJRVATIOlI  AND  SPREADING  DEGENERATION 
ON  ACTIN  STBUOIUl^.  I.C.  Strankfeld.  K.S.  Borovi¬ 
kov,  I.E.  Eoskalenko,  V.F.  Kirillina,  V.U.  Loba- 
chov.  Institute  of  Biophysics,  USSR  Academy  of 
Sciences,  Pashchinoi  Institute  of  Cytolojy,  USSR 
-Icadeoy  of  Sciences,  lAininsradj  Cancer  Centre, 

USSR  Academy  of  EeJlcal  Sciences,  Eoscov;,  USSR. 

Actin  from  skeletal  rabbit  and  frog  muscles  nac 
studied  oy  polarized  UV-fluorescence  nicroocopy, 
UV-fluoresceiice  spectroscopy,  nicrocalorimotry  ana 
circular  dichroism,  Actin  in  solution  os  v/ell  as 
in  .usv'lc  giiost  fiores  v.urc  investigated  after  de- 
nervutio.a  and  spreading  degeneration.  Tnese  patho¬ 
logical  states  cause  soao  changes  in  fluorescence 
of  uotin.  Urns,  tryptophan  fluorosoenoe  anisotropy 
in  denervatod  ghost  fibres  is  higher  tliun  that  in 
control  ones,  while  tryptoplian  fluorescence  inten¬ 
sity  in  actin  in  solution  is  lo..er  tnan  that  in  a 
control  one.  Pnalloidin  and  ATP  decrenoe  the  ani¬ 
sotropy  of  tryptopnan  fluorescence  in  denervated 
fibres  ond  increase  it  in  intact  ones.  Decrease  in 
fluorescence  anisotropy  of  P-aotin  in  denorvated 
and  degenerated  fibres  induced  by  the  bindiiig  hea¬ 
vy  imero.ayosin  or  myosin  subfragaent-1  to  aotin  is 
lower  than  that  in  control  aotin.  Ihc  character  of 
CD-spoctrua  of  G-actin  is  not  ciianged  after  dener¬ 
vation.  Tile  increase  of  P-actin  tliermostability  at 
3°C  is  shown. 
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LOCATION  OP  HIGH  AFFIHm  USTALBINDING  SITES  IN 
mOSlN  HEAD  OiO.Cbarjcvlanl,  Z, O', Japaridze,  T,H, 
Brlatavl  and  bn,u,i)geouaazb,  Department  of  Bio- 
physios,  Beritashvlli  Institute  of  Physiology  of 
Georgian  Academy  of  Sciences,  TblllBl,  USSR, 

Using  tho_  method  of  saturation  curves  of  Kuli¬ 
kov  ond  Llkht'enstoin  for  measuring  the  distances 
betvioen  paromagnetio  I'rf^  and  spin  labels  and  spir 
labelled  dorlvatlvs  of  ATP(SIi-ATP),  synthesized 
according  to  Zhdanov,  os  a  label  to  the  ATFaso 
sites  of  myosin  we  have  found  that  natalbindins 
sitos  with  hijjiest  affinity  Sbr  the  divalent  oatl- 
ons, which  are  located  in  DTNB  llvht  chains, ore  at 
a  distance  of  42-45  A  from  the  corresponding  ATP- 
sse  sites.  In  the  cose  of  myosin  with  SHg  groups 
labelled  with  iodaoetsnide  spin-labels  the  dis¬ 
tance  between  them  and  above  mentioned  sites  is 
45-50  A,  Additional  purification  of  Zhdanov's  SL- 
ATP  gave  us  the  possibility  to  establish  the  abi¬ 
lity  of  the  latter  to  be  a  substrate  for  myosin 
(K  =(6i4)*lO’*M  versus  K  =(3t2),10'‘ M  ftr  usual 
ATP),  Using  this  purified 'SL-ATP  and  specimen  of 
subfra^aent  I  of  ayoedn  (SI)  with  removed  DTNB 
lifdit  chain  we  attempted  to  measure  the  dletanco 
between  ATPase  site  of  SI  and  another  high  afflnim 
ty  motalblnding  site  which  appears  in- the  oressnea 
of  nucleotide.  Preliminary  measurements  indicate 
that  this  distance  is  approximately  )ialf  of  the 
distance  between  ATPase  site  and  metalbinding  site 
on  DTNB  llebt-  chain. 
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ON  TPE  ci!Aaicv'.'iTTiiCP  AND  °";;';t7on  o?  ’rjiolr 

ODNTR'.CTIOH  OP  DIG^TTIVV  TRACT 
lie  Zhen-I,u,  Deoart-.ent  of  Biology, 

.Unan  Hnlverslty,  Guangzhou,  China, 

Through  tbs  .atudy  of  tbo  cor.traotivo  motion  of 
the  pyloric  sphincter  and  osonhagal  sphincter,  tho 
contraction  may  bo  divided  into  three -phases:  tho 
phase  of  olnstloity,  of  purslrg  and  of  enclosure. 
This  conclusion  has  been  reached  through  repeated 
experiments,  conducted  under  flbar-gastroscopo  with 
microtransducer,  which  has  been  designed  by  us. 

This  finding  is  of  Inportance  in  studying  muselo 
contraotlon  both  micro co sal cal ly  and  naorocosalosl- 
ly.  As  an  example  tho  Chinese  PUP  (pyloric  sphinc¬ 
ter  pressure)  and  the  1.°“!?  (low  esophagal  sphinter 
pressure)  have  been  ncasurod,  which  broadly  tally 
with  tho  theoretical  calcidation.  In  this  paper 
the  muscle  contraction  of  stomach  has  also  been 
physically  analysed  ond  some  now  opinions  suggested 
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UKDAKPSD  CCKPZ.XANC&  AMD  A  ASLAXATZOK  TIKE  OONSTAKT  IN  THE 
KICAOSECCMD  AAiKE  IN  THE  SK2}S«TD  SKELETAL  KDSCLE  FIBRE  OF 
THE  PROO.  T.Blanqg,  G.J.M.Stienen  And  B.W.TrolJtcl. 

Departr^nt  of  Physiology/  University  of  Assterdas/  lo  Const. 
Huygonsstraat  20/  1054  BW  Aasterdaa. 

The  tension  response  of  Isocctfically  contracting  skinned 
fibres  of  the  ilcofibularls  auscle  of  the  frog  to  changes 
in  length  ccoplcted  ift.40  us  was  investigated  with  respect 
to  the  part  during  and  shortly  after  the  length  change. 

The  fibres  were  obtained  by  the  frMre*^ryin9  procedure 
described  by  Sticnen/Guth  and  Rdegg  (1083)^.  Fibre  segsents 
wi^  a  length  of  a  few  ailliaetcrs  were  aounted  between  a 
displaccncnt  generator  and  a  forco  transducer  with  a  x^so- 
nant  frequency  of  about  50  kite  with  fibre  attached. 

The  fibres  were  incubated  and  **  between  loeasurescnts  -  kept 
in  rolazing  solution  containing  40  cM  1X1  00  sH  laidazole 
(pH  M  7),  20  sM  ECTA/  5  cM  Vqht?,  pMg  «  3/  10  bM  PCr  and 
SO  U/rl'CPK.  The  tension  response  in  a  fully  activating 
ca-huffered  solution  consists  of  a  delayed  increase (stretch! 
of  decrease  (shortening)  in  tension  up  to  the  naxicua  T^/ 
followed  by  relaxation  towards  the  original  isoaetric  lovel*^ 
The  tension  recordings  are  analysed  by  frequencyanalysis 
as  well  as  by  siBulation.Tho  analyses  indicate  that  the 
elastic  ifipendance  of  the  activated  fibre  contains  an  un-* 
daaped  elasticity  with  a  Voung's  aodu^s  of  between  3  and 
0.10^  K/p^  and 'a  relaxation  tise  constant  of  about  5  to  10 
ps.  The  undaaprd  elasticity  of  the  relaxed  fibre  is  5  to  10 
tizscs  Icss/  where  as  the  relaxation  tise  is  about  the  saac. 

*  Pfiugers  Arch.  387j  272-276 
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SISUCTiJSAL  CHAIJGES  BI  COSIRACTIIS  SKISli  OP  A 
SHIGIS  CTSCLB  PIBRB  DUHIIIG  SPBSADIHG  DEGEIIERACIOH 
S.A.Krolenko.  V.P.Kirillina,  Yu.S.Borovikov,  Inst. 
;of  Cytology,  Acad. of  Scl;of  US^Ri  I/enlngrad,  USSR 
Spreading  degeneration  was  studied  on  isolated 
skeletal  auscles  of  frog  and  rat  using  the  aothods 
of  phase  contrast,  electron  and  polarized  UV-fluo- 
rescenoe  niorosoopy.Iho  rate  of  spreading  and  pat¬ 
tern  of  degeneration  varied  depending  on  sarcoaere 
length,  solution  conditions  and  seleotlvo  extrac¬ 
tion  of  Z-line.  Wave-shaped  changes  in  anisotropy 
of  tryptophan  fluorescence  were  observed  far  from 
the  injury  site,  Ihoy  are- more  distinctly  seen  in 
Ca“’'-freo  solution.  The  changes  reflect  two  diffe¬ 
rent  states  of  myosin  and'  actin  in  muscle  fibre 
siailar  to  contracturo  and  relaxation.  Priaorily, 
no  aorphological  changes  can  be  observed  within 
the  area  of  naxlaua  changos  of  fluorescence  aniso¬ 
tropy.  Later  in  these  sites  tho  contraction  knots 
appear.  In  Ca^^-free  solution  they  usually  look 
like  narrow  stripes  covering  several  sarcoaereo. 
Their  fornation  is  aocoapanled  by  atretohlng  or 
disruption  of  neighbouring  sarcomeres.  Local  cont¬ 
ractions  night  also  arise  in  highly  contracted 
fibres  or  after  tho  extraction  of  Z-llno  by  urea 
solution.  It  is  assuaod  that  local  contractions  as 
well  as  spreading  of  degeneration  are  controlled 
by  intracellular- nembrones  of  the  fibre,  rather 
than  by  surface  neabrono. 

_ 

EMG  QUANTITATIVE  ANALYSIS  OF  TRICEPS  MUSCLE  UPON 
IRRADIATION  Bt  DIFFERENT  MAGNETIC  FIELDS 
H.I.EL  Goharv.E.M.EL  Ssyed,  and  M.I.Sharaf, 
Blophyaica  Lab.,  Al  Azhar  unlv, .Cairo,  Egypt. 

An  action  potential  analyaer  waa  uaad  to 
oaaeura  tho  EMI  characterlatlca |  generated  by 
the  trlcepa  auacla.  Three  EMG  paranatare  were 
Invaatigatad,  (l)the  Intagrated  voltage  of  the 
Buacle*a  alectrlcal  activity  in  uv/sac,(ll]the 
frequency  In  aplkaa-aac,  and  (ill)  the  aaplltuda 
of  the  EMC  trlcepa  auacla  in  uy.  The  eaployed 
aagnatlc  fialda  v«ara,(a)  conatant  aagnatlc 
flalda  of  Intanaltlaa  600  Gauaa  and  Ic  KG,(b) 
pulaatlng  aagnatlc  field  (MF)  of  Intanalty 
so  c/SO  HZ  the  expoaura  tlaa  for  all  flalda 
uaad  naa  15  aln.  The  reaulta  of  tho  praaant  work 
ahowed  that)  the  conatant  field  of  EDO  G  Induced 
a  little  on  auacla  parforaanca  ability  whan  It 
waa  applied  for  a  anort  duration,  and  the 
Increaea  of  the  EMG  aaplltuda  naa  25,6J(  on  tho 
average,  while  the  conatant  HF  of  10  KG 
Incraaaad  the  aaplltuda  of  the  EMG  by  an  average 
of  33,4%  .  Tborafore,  whan  the  auacla  la 
axpoaed  to  conatant  atrong  MF,  Ite  energy 
Incraaeaa  and  thla,  In  turn  laprovaa  Ita  par- 
t'omanca  ability.  However,  a  pulaatlng  MF 
of  60  c/60  Hz  Ineraaaod  the  auacla  parforaanca 
ability  by  an  average  of  96.2  %  . 


RAMAN  &  PTIR.STUDIES  OF  FAST-  AND  SLOW-  TWITCH 
MUSCLE  SR  Ca‘''’-ATPasc  AND  LIPID  VESICLES 
E.  Bicknell -Brown,  D.  Borchman,  t  S.  Navarro, 
Chcalstry  oept.,  Wayno  Stat«  Uni</./  Detroit,  Mxch 
and  K.G.  Brown,  Dept.  Chem.  Sci.,  Old  DoRiiniort 
Univ.,  Norfolk,  Va.  USA 

Both  lipid  extracts  and  purified 
vesicles  were  prepared  from  rabbit  caudofemorali*, 
(fast-twitch)  and  solcus  (slow-twitch)  muscles. 
Temperature  plots  of  in  CH^  stretch  frequencies 
for  lipid  extracts  showed  that  caudofenoraiis 
SR  lipids  undex^o  three  phase  transitions,  while 
soleuS  lipids  melt  gradually  between  -10  t  20*^6. 
Temperature  plots  o**  Raman  CH^  stretch  intensities 
are  in  agreement.  Intensities  of  cCH  st.  modes 
show  that  melting^of  unsaturated  chains  occurs 
first,  at  ca.  -lO^C.  Both  IR  and  Raman  results 
show  that  solcus  lipids  are  more  rigid  above  -10® 
than  are^caudofemoralis  lipids. 

SR  Ca‘^*^-ATPase  vesicles  were  prepared  by  remov'- 
ing  extrinsic  proteins.  Temperature  IR  and  Raman 
studies  of  the  Ca*^*-ATPase  vesicles  show  that 
those  of  caudofcmoralis  arc  more  fluid  than  those 
of  soleus. 

Composition  studi ?s  were  carried  out  for  both 
types  SR,  and  these  provide  the  basis  for  explan¬ 
ations  for  the  observed  differences  in  fluidity. 

Results  of  Arrhenius  plots  are  correlated  with 
the  spectroscopic  results  and  a  possible  mechanism 
for  the  different  rates  of  slow-  &  fast-  twitch 
muscle  relaxation  is  suggested. 
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FORCS-?BEQUC(CI  REIATIO::SHIP  IN  CANINE  VORKIi:?  AND 
COSDUCTIKO  VCrTRICUUR  TISSUBS 

C.-I  Mn  and  K.H.  Lu»  Inst,  of  Biophysics  and  Dept,  of 
Pharmacology,  Nat.  Defense  .Med.  Cr.tr.,  Taipei,  Xaivaa,  PCC, 

The  force-frequency  relationship  was  studied  in  dog 
ventricular  auscle  and  PurXioJe  filers.  7f.e  tran^uemlrane 
potential,  the  contractile  force  a.nd  Its  first  derivative 
(dP/dt)  were  recorded.  In  ventricular  auscie  fibers,  the 
force  end  the  dP/dt  Increased  when  the  drive  cycle  length 
was  reduced  from  2000  to  333  rs  (positive  staircase).  The 
force  end  the  dP/dt  declined  as  drive  cycle  length  was 
shortened  (negative  staircase)  in  Purklnje  fibers.  When 
ICa)^  was  elevated  from  2.T  to  5.1  raX,  contractile  force  of 
Purkloje  fibers  increased  but  the  staircase  renamed 
negative.  The  staircase  became  positive  as  contractile 
force  declined  st  higher  lCs)o  (B.l  -12.1  al!).  Strophan¬ 
thidin  (10"7  -  10“w  m)  first  increased  and  the.n  decreased 
contractile  force,  D^iring  the  declining  phase  of  strophan¬ 
thidin  inotropy  the  staircase  beca.ie  positive.  During 
positive  staircase,  the  contractile  force  of  the  extra- 
systolic  beat  was  found  to  be  higher  than  the  control  beats. 
The  positive  staircase  was  still  present  after  the  action 
potential  duration  was  prolonged  by  anlodarone  but  could  be 
reversed  gradually  by  Ca  antagonists  (diltiazea  and 
verspamllK  The  above  findings  suggest  that  an  accumulation 
of  (CaJ«  Is  responsible  for  the  positive  staircase  and  that 
the  regulation  of  (Calj  is  different  in  these  two  tyj«  of 
cardiac  cells. 
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KMR  STUDIES  OF  POLUf'OS  STRUCTURE  OF  tIGKT  CHAINS 
H.R.Vjlgen  and  R. j.P.^Alllacs, 

Inorganic  Chea.  lab. ,OAiv>rd,U.Ka 
The  pho^phorylatabJe  and  alkali  two  light  chains 
(Etc  and  ASlOx'roa^rabbltjSkeletal  nuseiv  have 
been  oxaained  by  snd^K  nar  respectively. 
Ionisation  characte-lstlcs  of  the 
phosphoserine  group  of  FLO  have  be*»n  compared 
with  those  of  the  free  aoino  ao'd. 

pHiteoperature  and  nuclear  Overhausor 
experloente  with  A21C  have  been  used  to  assign 
sene  of  its  proton  spectrua,to  identify  inter¬ 
action  of  residues  and  to  Indicate  tertiary 
structure  for  tho  protein. Similarities  are 
observed  with  the  calcius  binding  protein  fatxlly, 
including  ICBF  and  parvslbuain  whoso  tertiary 
structure  are  known. 
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079  ORAL  PRESENTATION 

TOME  BIKEJSIOXAL  SIRUaUEE  OF  INIERKEDIATE  flUMENTS 
D.A.D.  Parry.  Hassey  University,  Palscrston  North,  New 
Zealand;  R;p.B.  Fraser  and  T.P.  MacRae,  CSXRO,  DlvUlon  of 
Protein  oresistry,  343  Royal  Parade,  Parkville,  Vic.  3052, 
Australia. 

Analysis  of  the  aslno^acid  sequence  data  for 
Intenscdiate  filasents  reveals  a  centrally  located  hclix'- 
rich  dosaln  about  300  residues  in  length,  with  a  high  degree 
of  Incer-species  hoaology,  and  predosinantly  non>helieal 
terainal  do&alns  which  vary  widely  in  size  and  cosposicion. 
The  central  docaln  contains  four  a-helical  seg&ents 
shoving  the  hepcapeptide  repeating  pattern  of  hydrophobic 
residues  indicative  of  coil-coil  rope  for&acion,  separated 
by  short  non-helical  segoents.  Interaction  studies 
conblncd  with  physleo-cheaicai  data  suggest  that  the 
chains  associate  in  pairs  to  fora  two-strand  parallel-chain 
ropes  in  the  helical  segaents  and  that  the  chain  segsents 
arc  in-reglster.  Earlier  studies 'Suggested  that  those 
rope-like  segaents  constitute  the  fraaevbrk  of  the 
Interaedlate  fllaaent  and  the  paraaeters  of  the  surface 
lattice  have  now  been  derived  froo  X-ray  diffraction  studies 
Four  polypeptide  chains  are  associated  with  each  lattice 
point  and  arrangeeents  of  the  t'vo-strand  rope  segoents  have 
been  derived  which  are  consistent  with  physlco-cheolcal 
studies  of  enzysatic  fra^nts,.  In  addition  incer-rope 
interactionS'have  been  Investigated  for  different  axial 
shifts  and  z^axiaa ‘found  which  lead  naturally  to  one  of  the 
observed  dloenslons  of  the  surface  lattice. 


•‘H-SHR  STUDIES  0?  VILLIH  HEAD  ERAGMEHT. 

C.ii.H. Scott  anii  R.J.P.Hllllaos, Inorganic 
Choaistry  Laboratory»Oxford,U.K. 

V.Gorke,  D.K.Kastarberg  and  K. Haber. Rax-Planok 
inatete  for  Biophysical  Cheaistry.GBttingen.P.R.G. 

The  work  concerns  the  *^H-MHR  studios  of  the 
S.SOOd.vilXin  headpieco  fragaent, which  Is  shown 
to  possess  substantial  tertiary  structure  in 
solution. Interactions  are  observed  between  three 
of  the  six  phenylalanines  and  between  the  single 
histidine, a  fourth  phenylalanine  and  several 
aethyl  groups. Those  two  hydrophobic  regions  fora 
part  of  a  tightly  packed  structure, which  is 
believed  to  ploy  an  iaportant  rolo  in  tho 
structural  change  in  intact  villin  on  oalciua 
binding. Studies  so  far  indicate  that  the 
structure  of  the  headpiece  can  not  be  siailar 
to  other  Intra-cellular  calciua-binding  proteins 
we  have  studied. 
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EFFECT  OF  THE  TICIITLV  BOUND  CATION  ON  ACTIN  POLY- 
.MERI2.ATI0N 

l.C.  Gerstosn.  L.A.  Seldcn  and  J.E.  Estes,  Res.  Service, 
Veterans  Aiialn.  Red.  Center,  Albany,  New  York  and  Oept.  of 
Physiology,  Albany  Medical  College,  Al^ny,  New  York,  U.S.A. 

Ke.  recently  reported  that  exchange  of  actin-bound 'di¬ 
valent  cation  affects  the  lag  phase  In  actin  polyeertaation 
(Blochealstry,  In  press.  1934)  and  that  actin  containing 
bound  Mg*  (Mg-acMn)  has  a  critical  actin  concentration 
(CAC)  about  20x  saaller  and  a  forward  rate  constant  of 
polyserlzatlon  about  1.5x  larger  than  Ca*’-eontalning  actin 
(Ca-actln)  (Sloeheo.  Blophys.  Res.  Com.  116:478-485,  1983). 
Ve  have  extended  these  cceasurerents  over  a  wider  range  of 
divalent  cation  concentrations  and  have  also  studied  polycet- 
Izatlon  Initiated  by  KCI.  Monoeeric  actin  was  labeled  with 
K-pyrenyl-lodoacetaolde,  and  the  relative  forward  and  re¬ 
verse  rate  constants  (k*  and  k")  for  Mg-actin  and  Ca-aetin 
oeasured  as  a  function  of  added  HgClg,  CaClj  or  KCl. 

Graphical  analyses  of  the  data  showed  ij  the  ratio  k*gg/k*cj 
reaalns  constant  at  various  cation  concentrations,  but  both 
the  ratio  k'Mg/k'c.  and  the  ratio  CACHg/CACra  decreased 
isarkedly  at  low  cation  concentrations.  Z)  the  type  of  ex¬ 
ternal  (solution)  cation  docs  not  affect  the  rate  of 
depolyierltatlon,  but  the  type  of  ectin-bound  cation  does. 

3)  Mg-actln  depolywerltes  faster  than  Ca-aetin  under 
sinilar  conditions;  wc  propose  that  this  nay  be  due  to  a 
larger  nunber  concentration  of  polymers  at  equllibrlun  In 
Hg-actin  solutions.  Supported  by  the  Veterans  Adainls- 
tratlon. 
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Preparation  awl  wlwierlzatlon  kinetics  of  skeletal  nuscle 
XBP-actIn.  Altai  A.  Lai,  Stephen  L.  Brenner  and  Edward 
D.  Korn.  Laboratory  of  Cell  Biology,  NHIBI,  NIH,  Bethesda, 
MD  20205. 

ADR-actln  was  prepared  by  polyuerUIng  about  100  vH 
ATP-actIn  eonplex  (5-10%  pyrenyl  actin)  In  0.5  oM  MgCIg. 
ExcCiS  ATP  was  exhausted  by  repeated  sonicatlons.  Fila- 
oentous  ADP-actIn  was  diluted  to  about  25  uH  In  5  bH 
Iris,  pH  8.0,  0.2  eH  ADP,  5  pH  ApjA,  O.l  »H  CaClg,  0.2  rxM 
OTT,  Q.01%  sodltn  azide,  Oepolywerized  actin  was  separated 
by  centrifugation  at  65,000  rpn  for  2.5  h  at  4  ‘C  In  a  type 
70  Tl  rotor.  ADP-actin  Isolated  In  this  way  Is  ollgoner 
free  and  polynerlzatlon  coitpetent.  The  critical  concentra¬ 
tions  obtained  In  1.0  inH  HgClg  and  1.0  bH  MgClp  •  0.1  H 
kCl  were  8.0  pH  and  2.0  pH  respectively.  Covalently  cross- 
linked  actin  trlner  was  used  to  nucleate  the  asscnbly  of 
ADP-actin.  The  sua  of  association  rate  constent  (k*)  at 
the  two  fiUeent.ends,  assinlpg  each  trleer  acts  as  a  seed 
were  0.8  pH*'  $*’  and  0.9  pH'*  s'*  In  HgCIj  and'In  HgClj 
♦  kCI  buffers  respectively.  The  dissociation  rate  con¬ 
stants  (k*)  calulated  froa  elopgatlon  rate  constants  and 
ntasured  critical  concentrations  were  6.4  s'*  In  HgCI? 
and  1.3  s'*  In  MgClj  ♦  kCl.  These  observed  late  constants 
constants  were  Irulependent  of  triner  concentration.  In 
1.0  rH  HgClg  spontaneous  polywerlzatfon  was  too  slow  to 
aeasure  and  the  tlad'requlred  for  polynerlzatton  In  1  bH 
HgClj  a  O.l  H  KCl  was  about  8  fold  longer  than  for  poly- 
aierlzatfon  In  AIP,  The  results  of  this  study  show  that 
k*  for  ADP  actin  Is  about  2-6  fold  snaller  whereas  k" 

‘s  about  5-10  fold  bigger  than  for  ATP  actin. 
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THE  PRESENCE  OF  OLIGOMERS  BELOW  THE  CRITICAL  ACTIH  CONCEN¬ 
TRATION  12  5  1  12 

J.E.  Estes  *  ,  J.  Newnan  ,  L.A.  Selden  ,  and  L.C.  Gershnan  ’ 
jlies.  Service,  Veterans  Adnin.  Had.  Center,  Albany,  N.Y., 
jOept.  of  Physiology,  Albany  Med:  College,  Albany,  N.Y.,  and 
■’Oept.  of  Physics,  Union  College,  Schenectady,  N.Y.,  U.S.A. 

The  theoretical  description  of  actin  polyaerlzatlon 
proposed  by  Oosawa  and  colleagues  loplies  the  presence  of 
oligoeers  below  the  critical  actin  concentration.  We  have 
atteepted  to  use  the  sensitive  method  of  laser  light  scat¬ 
tering  to  detect  this  molecular  species.  The  translational 
diffusion  coefficient  (Dzo)  for  monomeric  actin  was  deter¬ 
mined  to  be  8.25 e  0.15  x  IC'  coVsec  at  20  pH  actin.  This 
value  dropped  to  6.2 1 1.0  x  IC'  cm'/sec  within  1-2  hr 
after  the  addition  of  low  concentrations  of  MgCh.  The  drop 
in  O20  tould  be  reversed  by  the  addition  of  low  concen¬ 
trations  of  CaCl2.  Using  sub-critical  convcntratlons  of 
actin  labeled  with  ll-pyrcnyl-Iedoacetanldc.  the  time  course 
of  oligomerization  was  determined  to  take  about  80-100  min, 
which  is  markedly  longer  than  the  time  required  for 
exchange  of  the  actin-bound  Ca'**  for  Mg’*  (cation  exchange 
was  measured  using  atomic  absorption  and  Ca  ^  measurements). 
Our  results  Indicate  that  It  Is  likely  that  the  species 
undergoing  oligomerization  Is  Hg-actIn  monomer. 

Supported  by  the  Veterans  Administration. 
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DIE  PIATEICT  RETICVIAR  BETWORX.  C.  Richard  Zobel  I.  H.  Hanuol. 
Dept,  of  Riophyelcal  Scicncop,  State  Vnlvarslty  of  New  York 
at  Buffalo,  Buffalo,  irr,  USA, 

Studios  by  a  nvrxber  of  Inveatlgators  of  activated  pXato- 
lota  hove  revealed  an  extepslve  trabecular-llke  cytoskeleton 
whose  components  have  been  identified  as  ABP,  u-actlnin  and 
actin  by  SOS-PACE  o^  TX-lOO  insoluble  cell  frectlone. 

SEH  examination  of  spread  platelets  rlnscxl  with  a  get  of 
buffer  after  Incubation  in  1  mH  ZnClg  reveals  .vn  apparent  re¬ 
ticular  natwork  encoeqxasslno  the  entire  spread  cell,  in 
some  preparations  the  surface  moshwork  Is  disrupted  making 
apparent  an  internal  trabecular  cytoskeleton. 

Although  platelets  have  been  reported  to  react  with  anti¬ 
serum  to  mammalian  ■l-spectrin  and  have  a  240  Kd  band  on  SbS- 
gels  (and  thus  might  have  an  er/throcyte-llko  svbmembrarxxus 
reticulum),  this  constituent  normally  occurs  In  the  soluble 
fraction  of  TX-lOO  treated  cells.  SDS-PAOE  of  cells  treated 
with  ZnCl2  In  the  prese.uce  of  enrymo  Inhibitors  shows  *n  en¬ 
hanced  eppcarance  of  255,  240,  220  and  100  kd  components  In 
tho  Insoluble  fraction  and  thela  loss  frc«  the  soluble  frac¬ 
tion.  Furthensxre,  membranes  prepared  by  sucrose  fractiona¬ 
tion  of  platelets  sonicated  In  ZnClg  have  an  enharced  255  Rd 
band  while  th-  supernatant  fractions  from  these  preparations 
also  lack  255,  240,  220  and  lo)  kd  constituents. 

These  results  suggest  that  in  adlltion  to  an  internal  tra¬ 
becular  cytoskeleton  spread  platelets  have  a  surface  reticu¬ 
lar  natwork  whose  afpearance  Is  enlxxnccl  In  the  preserve  of 
ZnCl2  due  to  Increased  Interaoilons  among  high  mol.  wt.  cum- 
ptwxents  comprising-the  platelet  cytoskeleton  and  membrane 
components. 
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THERMODYNAMIC  STUDIES  OF  AN  INTERACTION  BEIWE^  A  BlCVaiC 
COLCHICINE  DERmTIVE  AND  TUBULIN  OLIGOMERS.  Heinz  Decker 
«nd  Jeaes  C.  L^»  Depacc&cnc  of '  Blocheaiscry,  St.  Louis 
University  School  of  Medicine,  St.  Louis.  KO  63104  U.S.A., 
Equillbriua  binding  and  a  thersodynasle  analysis  of^che 
interaction  of.  calf,  brain  tubulin  with  the  blcycllc  colchi¬ 
cine  derivative  (2-:eetho^-5-(2.3,4-crlcethoxyphenyl)-2,4»6- 
cycloheptatrien-i-one) ’ (KTC)  were  studied  in  10”*M  sodlua 
phosphate  buffer,  10  ‘'M  GTP  at  pH  7.0  by  fluoroMtric  and 
sedlaentation  techniques.  Binding  isother&s  were  obtained 
aS'S  function  of: protein  concentration  ranging  Iron  IxlO"^ 
to  10  tubulin  dicers  of  110,000  in  eolecular  weight.  At 
20*C  and  high  protein  concentration  the  binding  behavior  Is 
characterized  by  one  binding  constant,  Kj  *  <S2l)xlO''H, 
whereas  at  loV'protein  concentration  two  binding  constants 
of  Ki  •  (SiDxlO'^M  and  Ka  -  (524)xI0"5m  are  necessary'  to 
fit -the  data.  Results  froa  thersodyhacic  studles' revealed 
that  Ka  is  very  dependent  on  teaperature,  whereas  Kt  is  not. 
Both  Kj  and'Ka.  appear  to  be  driven  by  a  positive  entropy 
change.  The  physical  states  of  tubulin  were  eonltored  by 
sedlaentation  velocity.  It  was  shown  that  tubulin  dicers 
undergo  dissociation  with  a  dissociation  constant  of  Sxl0*'^M 
at  23*C.  The  binding  behavior  of  MTC  i's  correlated  to  the 
physical  states  of  tubulin.  (Supported  by  NIH  Grant 
NS-14269  and  A.M-21489.} 
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KEUROPLASMIC  UTTICE  PARAMETERS  IN  SOME  VERTEBRATE  A.ND 
INVERTEBRATE  AXONS  A.J.  Hodge  and  W.J.  Adclcan,  Jr.,  Lab. 
of  Biophysics,  IRP,  KlhCDS,  NIH,  Karine  Biological  lib., 
Woods  Hole,  KA,  USA. 

The  neuroplasslc  lattice  in  representative  vertebrate 
axons  (souse,  rat,  toad)  and  in  solluscan  axons  (squid, 
Heraissenda),  as  seen  in  electron  nicrographs  of  relatively 
thick  (■^0.2ua)  sections,  consists -priaarlly  of  longUudl- 
nally  oriented  neurofila^nts  and  ncurotubules  spaced  about 
50-70  nn  apart  in  a  roughlyhexagonal  array,  a  s>TRetry 
strongly  supported  by  coapute'rized  nearest  neighbor  vectori¬ 
al  analysis.  These  filacencous  eleaents  are  linked  trans¬ 
versely  by  an  ordered  array  of  thin  (2-4  na  diaa.)  cross¬ 
bridges  spaced  40-50  na  apart  in  the-axial  direction  as 
shoim  by  (a)  direct  stereoscopic  observation  of  longitudinal 
sections,  (b)  optical  and  electron  optical  autocorrelation 
techniques,  and  (c)  Fourier  analysis  of  video  line  signals 
froa  appropriately  aligned  longitudinal  sections  in  STEM. 

In  contrast,  the  axons  of  arthropods  (lobster  and  Lirulus) 
appear  to  lack  ncurofilanents  entirely,  their  neuroplasslc 
lattices  consiating  of  a  hexagonal  array  of  neurotubulcs 
spaced  about  liO  na  apart  and  linked  by  coaplegly  coiled 
transverse  bridges  (v  2  na  diaa.  when  extended).  Autocorre¬ 
lative  nechods  suggest  a  longitudinal  spacing  between  cross¬ 
bridges  of  4S-I0  ra  In  these  axons,  a  value  essentially 
indistinguishable  froa  the  40-50  na  axial  spacing  typical  of 
the  vertebrate  and  solluscan  axoi.s  studied  thus  far.  The 
latter  values  appear  to  be.  consistent  with  the  widely 
reported  occurrence  of  a  19-22  na  axial  periodicity  in  a- 
type  keratin  and  other  Intersediate  filaecnes. 
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OISTRIBUTION.OF  ACTIN  IN  PHYSAftUH  AMOEBOFLAGEUATCS. 

H.R.  Adelsin,  Oept.  of  Anatoay,  .u5UHS,  Rethesda,  (®,  U.S.A. 

During  the  .synchronous  transformation  of  polyeephalua 
amoebae  Into  flagellate  swlroers,  Intermediate  cells  - 
anoeboflagellates  •  transiently  display  a  novel  motile 
domain,  the  rldg^.  This  flattened  cytoplasmic-extension 
undergoes  rapid  undulations  and  contains  a  laminar  core  of 
a'cttn  alcrofllaeients.  The  fluorescent  probe  rhodamlne- 
phalloldln  has  been  used  to  characterize  changes  In  actio 
distribution  coincident  wlUi  the  foraatlon  and'breakdown  of 
the  ridge.  Transforming  cells  were  briefly  fixed  with 
formaldehyde,  bound  to  glass  slides,  and  then  peraeablllzed 
with  acetone:  most  cells  showed  Intense  and  specific 
fluorescence  after  exposure  to  rhodanlne-phaltoldln  and 
binding  was  blocked  by  prelncubatlon  wUh  phaltoldln.  Time 
course  experiments -showed  that  symetrlcal  amoeboid  cells, 
present  only  In  early  stages  of  the  transformation,  were 
labeled  at  the  periphery  of  pseudopod-1  Ike  extensions.  As 
the  transformation  proceeds,  such  amoeboid  cells  disappear 
and  cells  with  flagella  and  broad  extensions  -  similar  to 
the  ridge  -  appear.  Amoeboflagellates  with  a  ful1y-foro«d 
ridge  showed  pronounced  labeling  of  the  ridge  and  of  a  small 
urold-llke  patch;  a  weaker  cortical  fluorescence  was  also 
seen  but  the  anterior  (mlcrotubule-rlch)  region  of  such 
cells  was  essenttaly  devoid  of  actln.  The  highly  elongate 
swimmers  which  dominate  the  population. at  later  time  points 
show  a  more  uniform  cortical  distribution  of  actln;  altKough 
such  cells  usually  lack  a  ridge  they  often  retain  a  small 
rldge-ilke  concentration  of  actln  on  their  dorsal  aspect. 

(Supported  by  USUHS  Protocol  No,  C07015) 
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CHARGE  EFFECTS  IN  SEDIMENTATIO.N  OF  INTERMEDIATE  PILA.MENT 
SUBASSEMBLIES.  M.PotschkA,  H.Minklor,  G.wiche.  Institute  of 
Biochealstry  encl  Institute  of  Theocoticel  Chetaxstry,  Univ.of 
Vienne, WAhringetstr. 17, Austria,  &nd  Max  Planck  Institute  for 
Biophysical  ChcoistrY,Cdttlngen,BRD. 

We  studied  size  and  shape  of  oligos«ric  subassctsblles  by  anal 
ycical  ultracentrifugation  to  elucidate  the  structural  organ¬ 
isation  of  lnte*T)ediate  Fxla&ents.lhtclcotxde-frcc  Vimentln  was 
isolated  froa  ^-call  cultures  and  purified  by  a  novel  HPLC 
scheme.  S-values  were  measured  down  to  70  ng/al  in  Ttis/HCl 
(ZiS20bM,  pU  7.5-8.S).  A  generalized  model  was  derived  where 
charge  effects  depend  on  the  ratio  of  protein  concentration  to 
ionic  strength, Bxdnsted  equilibrium  of  the  monovalent  countez 
ion,  and  the  charge  density  of  the  polymer.  Neglecting  the 
secondary  charge  effect  and  assualng  that  the  ionic  strength 
contribution  of  the  pol>'mer  is  negligible  one  obtainst 
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After  extrapolation  to  zero  protein  concentration  to  eliminate 
cliarge  effects,  only  a  small  increase  of  oligomer  size  with 
increasing  ionic  strength  was  observed,  indicating  that  the 
dominant  aggregate  is  a  tetramer  in  equilibrium  with  a  sub- 
isodesmic  distribution  of  larger  aggregates.  The  observed 
tetramer  shape  f/f,^‘*2.6  is  expected  for  a  rod  of  dit&onsions 
70x2n3.  Absence  of  monomers  and  dimers  was  verified  by  gel 
permeation  chromatography. _ 
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MEMBRANE  EVENTS  FKIOR  TO  FUSION  OF  MYOQENIO  CELLS 
N.V.Sanoaudova,  U.S«Larin,  Y.E.Shiing3ka,ja. 
Institute  of  Froblens  of  Inforaatlon  Transmission 
Acadetay  of  Sciences,  Moscow,  USSR. 

It  was  established  that  a  gap  Junctional  com- 
raunication  fomed  prior  to  fusion  during  tayogenc- 
sis.  In  the  present  work  the  interactions  of  pla¬ 
sma  raeabranos  of  nyogenlc  cells  (oyoblaoto  and 
rayotubos)  ^ere  studied  by  electron  raicroscopy  in 
the  period  of  fusion*  Ti\o  breast  and  leg  muscles 
of  7-8  day-old  chick  embryos  were  fixed  in  two 
wayssCD  2,5rJ  glutaraldehyde  and  15*  0S0.,(2)  2,5^ 
glutoraldehyde,  liS  tannic  acid  and  15*  ^OSO,*  The 
fixation  by  tannic  acid  revealed  aoynuaotry  ^of 
thieolamellar  plasma  cc«Qbrane  (i.c.  the  external 
leaflet  is  electron  denser)*  Two  kinds  of  inter¬ 
cellular  contacts  are  described*  One  of  them  is 
fomed  by  nenbrunes  of  adjacent  cells  arranged  in 
arallol.  The  space  between  the  external  leaflets 
O".t50  A*  They  are  connected  by  "bridges", consis¬ 
ting  of  Katerial  which  is  apparently  localized  on 
the  Qecbrane  surface.  The  "bridges"  are  seen  only 
after  tannln-fixatlon.  Another  kind  of  Intercel¬ 
lular  contact  has  the  pentalnciollai  structure 
(three  dense  strata  separated  by  two  light  strata) 
and  displays  an  undulation*  These  Junctions  often 
enclose  elongated  electron-dense  bodies*  The  se¬ 
cond  kind  of  Junction  resenbles  the  contacts  pre¬ 
viously  seen  by  others  (Zanpighi  ct  al. ,1932, 

J.  Coll  Biol*  93:175-189). 
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Butyrato-lnduccd  CvToskoletal  lkx>rganlzaLion  in  Hela  Cells. 

U.  U.  Cassidy,  S.  Jahangoer,  G.  Vahouny,  k  R.  C.  Rcnnebcrry. 
(kx>rgc  Vashln^on  University  Medical  ^tor,  Washington,  D.C. 
20037  k  N1NCZ6,  KDI,  Bethesda,  U)  20205 

Butyrate  is  a  potent  inducer  of  a  variety  of  functional 
altcratioas  in  oxmy  cultured  colls.  These  include  induction 
of  6-adrcnorglc  receptors  In  HoLa  colls,  Iwrcnono  and  onz^vo 
synthesis,  catabolic  oodhicatlons  and  shape  changes.  We 
hypotheslzo  that  restructuring  of  th©  cytoskelcvon  cay  prece- 
do  the  doflnltivo  cb^ression  of  cxrrbrano  related  cx’ents*  1^' 
indirect  iimunofiuon^ence  microscopy  using  polyclonal  and 
cx)noclonal  antibodies,  llciia  ccnolaycrs  wero  to  possess 
an  exttmsh'o  notuork  of  randcrnly  arranged  microtubules  (MTs) 
ahlch  wore  particularly  dense  in  the  Juxtanuclear  region. 

In  tho  presence  of  5  c&I  butyrate  for  Z-l  h  Ibo  previously  re¬ 
ported  elongate  shape  chaii^  uas  reflected  In  a  rcozganizati- 
on  of  tM  Uhl  such  that  a  txxjorlty  wero  then  oriented  in  tho 
long  axis  of  tho  coll,  extending  to  the  tips  of  the  neurito- 
like  processes  or  between  thca  and  few  wero  seen  in  tho  vic¬ 
inity  of  the  nucleus.  Essentially  si&dlar  results  were  obta¬ 
ined  with  cells  grewn  in  chctalcally-doflnod,  serua-freo  mod- 
iua.  Colchicine  (Z10”’M)  prevented  the  butyrate-induced  sh¬ 
ape  and  UT  alterations:  Vlth  colchicine  alone  a  diffuse  st¬ 
aining  pattern,  due  perhaps  to  the  presence  of  d(^l>'merized 
tubulin,  was  cbnorvocU  Cyclohexlmldo  (10  i;g/Ql)  had  no  effe¬ 
ct  on  the  control  colls  but  blocked  tho  butyTate-lnchiced  al¬ 
terations  In  shape  and  ilT  pattern.  It  is  concluded  that  the 
induction  of  B-adrenorgic  receptors  and  shape  changes -in  Kcla 
cells  by  butyrate  is  associated  with  a  dncxxtic  reorientation 
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iLEOl-nfCIH  Wm  BR'/TKROCYTB  GHOST 


-  -  -  -  *rr^  .fiadsifiacz^^lSf  I«V*  Chapsan*^  ^ 

Departaeai  ,of  Biophysics  uru^^'Slly'  uf-Iudrj'EtiBa*, 
Poland,/*  Bepartaent  of  Kedical  Biophysics,  Univer 
sity  Of  Dundee,  Dundee,  UK. 

inectivatlon  of  bleoaycin  during  xncabe— 
tlon  with  erythrocyte  ghost  acaVranes  v.-erc  s*.\died 
The  aethod  based  on  DHA-daaaglng  J'ctivi-ty  •*:  •3.5'^ 
ayci^  was  used.  It  is  Known  that  bleoaycin  causes 
the  release  of  nalondialdehyde  /KDA/  frda  ?he  de— 
oxyrlbose  aolety  of  DNA  which'  can  he  aessufed  co- 
loaetrically  using  thlobarbiturie  acid-reactivity 
for  KDl  foraatlon.  A  significant  decrease  of  the 
bleoaycin  activity  /ability  to  daaage  DHA/  with 
the  increasing  erythrocyte  aeabrane  protein  con¬ 
tent  was  found. 

Changes  in  erythrocyte  aeabrane  fluidity  under 
the  Influence  of  bTeoaycin  were  also  studied.  The 
acthod  used  was  the  optical  aethod  usln^  the  flu¬ 
orescent  label  pyrene,  which  is  incorporated  deep 
in  the.hydrophoblc  aoabrane  region.  A  acaoure  of 
the  lateral  nobility  of  the  probe  is  the  foraatloiy 
rate  of  exciners  during  the  col?<islon  of  an  exclV^ 
ted  aoncaer*and  a  aonoaer  in  the  ground  state. 
was  foun^Ohat  bleoaycin  causes  a  slgnlflcant^- 
crease  in  i&eqbrane  lipid  fluidity. 


092  \ 

MULTIFREQUENCY  PHASE  FLUOROMETRIC  STUDY  OP  TRY^O- 
PHAN  FLUORESCENCE  ZN  TUBULIN  \ 


,,  Engeiborqhs  ar.d-R.  Audenaert^  Laboratory  b; 
''Cheaicai  and  Biological  DynanlcS/  CelcstynenlaaN 
200  D,  E-3030  Leuven  Belgius 


A  aultxfrequency  phase  fiuoroaeter  was  con-1 
structed  using  a  dye  laser,  a  pocKels  cell  and  a 
frequency  doubler.  Zn  this  way  excitation  at  295 
n'n  with  a  aodulation  up  to  30  MHz  was  possible. 
Using  pnosphoce^uiose  purified  tubulin,  two  aa^oc 
life  tines  were  detcrained  and  the  lifetine  re¬ 
solved  spectra  were  recorded,  using  phase  sensi¬ 
tive  detection.  Tnese^  experiments  were  repeated 
with  tubulin  In  different  states  of  nucleotide  and 
inhibitor  binding.  Tubulin  with  GTP,  GDP  on  th 
E-site,  or  even  an  open  £-$ice,  did  not  show  sig 
nificant  differences.  Of  the  different  inhibitor 
tested,  o'.ly  colchicine  seeacd  t'c  introduce  signi¬ 
ficant  alterations.  Exposure  of  the  trypto^an 
residues  to  the  solvent  was  tested  by  stopped  ^low 
s^analysis  of  the  reactivity  of  the  tryptophan  jresi- 
qes  towards  N-bronosuccinimide.  Two  fast  one 
sibK.ohase  of  small  amplitude  were  observed^  Here 
again>‘CiuW  colchicine  binding  caused  a/  signifi¬ 
cant  chan^b— jjj^he  reactivity  of^pjte  tryptophan 
residues. 


093 

MICROTUBULE  LEK’GTH  DISTRIBUTIC.N  IN  VITRO 
V.  Gal  and  D.  Trajkovic,  Department  of  Biophysics 
bcKooI  of  Medicine  and  Institute  for  Biological 
Research,  Belgrade,  Yugoslavia. 

The  microtubule  length  distribution  was  determi¬ 
ned  by  two  methods:  (1)  electron  microscopy  and 
(2)  turbidity  measureoents  of  the  extent  of  as¬ 
sembly  and  the  apparent  rate  constant  of  elonga¬ 
tion.  When  assembly  is  Induced  by  temperature 
shift  from  4^  to  28^0  the  change  of  length  dis¬ 
tribution  with  the  concetration  is  very  small  in 
the  range  of  0.5  to  3.0  os/da5  of  microtubule 
protein.  In  the  same  concetration  range  »hon 
microtubule  protein  iu  exposed  to  gamma  radiation 
before  assembly,  one  can  note  a  significant  dec¬ 
rease  of  the  average  length  and  its  standard  de¬ 
viation  in  a  dose  dependent  rtanner.  The  assembly 
in  the  presence  of  Ca+*  results  In  the  formation 
of  long  microtubules.  The  decrease  of  GTP  conce¬ 
tration  also  causes  an  increase  of  microtubule 
length.Using  this  approach  we  studied  the  effect 
of  various  parameters  on  nuoleation  and  elonga¬ 
tion  of  microtubules. 


095  ORAL  PRESENTATION 

The  interaction  of  l,2-DlPAlMlTOYL-sn-CLYCERa-3-PHOSPHO- 
SERINE  MONOLAYERS  WITH  G-ACTIN  (AIR/WATER  INTERFACE).  E^ 
Llcrenas  And  H. I. "Haro.  Departsent  of  Biochcaistry.  Centro 
dc  Investigation  y  Escudios  Avanzados  del  IPN,  A.P.  14-740, 
07000  Mexico,  D.F.,  and  Faculty  of  Pslcology,  UNAM,  Mexico. 

Further  studies  on  the  intoraccion  of  Upld  taonolayers 
and  C-actin,  now  with  an  acidic  phospholipid  (di-C^^PS),  re¬ 
sults  in  an  even  core  narked  rigldlfing  eCfecc  of  the  lipid 
structure  brought  about  by  the  protein  than  in  previous  vork 
where  1,2  dipalnitoyl-sn-glyceroi-phosphochoUne  was  tested. 
It  can  be  tentatively  interpreted  as  the  protein  exerting  a 
charge-exclusion  effect  of  the  surrounding  lipid  froa  thenixed 
dl-Ci6  PS-G-actln  nonolayer.  This  in  cum  giving  rise  to  and 
even  Bore  coapact  lipid  structure.  A  ceaperacuro  dependence 
prograease  was  run  out  in  order  to  estiaate  the  sort  of  ener¬ 
gy  involved  in  the  lipid/protein  nonolayer  interaction.  En¬ 
thalpy,  entropy  and  Gibba  free  energy  values  of  the  inter¬ 
action  (ie  with  and  without  protein)  in  the  range  of  10-20*C 
were  as  follows:  AH**S7  eal/aolo,  AS**0.175  eu  and  4F**S,88 
cal/cole.  These  values  would  be  energetically  equivalent  to 
the  conpression  effect  induced  by  the  Introduction  of  an 
extra  eethylene  residue  to  each  pair  of  the  lipid  chains. 
These  and  previous  results  point  to  the  conclusion  that  when¬ 
ever  C-actin  is  within  a  structured  Ifpid  the  latter  becoses 
ttiore  cospressed,  the  eechanisn  probably  being  different  for 
each  ph&ophollpld  chough.  The  iaplications  these  results 
could  have  for  the  dynaaics  of  cell  Bcabrane  cytoskeloton  in¬ 
teraction  will  bo  discussed. 


094 

TAXOL  EFFECTS  ON  CNS  NEURONS  AND  GLIA  IN  ORGANO¬ 
TYPIC  FETAL  MOUSE  SPINAL  CORD-DRG  CULTURES 
E.  B.  Masurovsky.  B.  R.  Peterson,  S.  M.  Crain  and 
S.  B.  Horwitz,  Depts.  of  Neuroscience  &  Molecular 
Pharmacology.A.  Einstein  Coil.  Mcd,,Bronx,N.y.,USA 
Bxplants  of  fetal  mouse  spinal  cord (SC)  with 
attached  dorsal  root  ganglia (DRG) ,  which  had  devel¬ 
oped  2-3  wKs  in  organotypic  culture,  wore  exposed 
for  up  to  6  days  to  1-2.UM  taxol.  Morphologic  anal¬ 
yses  revealed  unusual  nxurO^rs,  groupings  and/or 
locations  of  microtubules (MT)  in  SC  neurons  and 
glia  similar  to  those  previously  observed  in  the 
DRG  cells (Nouro8ei..^:491, 1983)  .Unlike  DRG  neurons 
which  displayed  abundant  peripheral  MT  groupings, 

SC  neurons  exhibited  notable  variations  in  both 
numbers  and  loci  of  taxol-induced  MT  formations. 
UT-endoplasmic  reticulum (ER)  arrays  and  disrupted/ 
dispersed  Golgi  complexes  were  seen  in  SC  neurons, 
as  in  DRG  neurons.  MTs  increased  considerably  in 
oligodendroglia,  but  rcl.  little  in  astroglia 
where  MTs  are  normally  sparse.  However,  MT-ER 
arrays  were  seen  in  both  glial  types.  These  data 
suggest  that  CNS  cells  with  diverse  tubulin  comple¬ 
ments  and/or  related  factors (c.g., MAPs)  may  display 
differential  MT  responses  to  taxol.  (Supported  by 
NIH  NS-08770,  -14990,  &  -19611  and  ACS  CH-86) 


096 

TOE  MECHANISM  OF  MICROWBULE  ASSEMBLY  IN  VITRO 
D.c.  Clark,  5;R.  Martin,  P.H,  Bayley,  E.J.  Manser  and 
r.H.  Butler,  nivislon  of  Physical  Blochenlstry,  National 
inatltuto  for  Medical  Research,  Kill  Hill,  London  NW7  lAA 


The  kinetics  of  asscrbly  of  bovine  and  porcine  aicro- 
tubule  protein  are  blphasio  over  a  wide  range  of  solution 
conditions.  The  rates  of  the  two  processes  are  concen¬ 
tration  independent  and  therefore  each  phase  eust  contain 
a  rate-llsUting  first  order  process. 

Wo  have  exaainod  the  coaposltion  of  the  naterial  foraed 
in  the  fast  phase  of  asscably  by  PAGE,  EM  and  the  vavo- 
length  dependence  of  turbidity,  and  present  evidence  for 
the  foreation  of  MAP-rich  aicrotubu'^es  during  the  early 
stages  of  asscobly.  Wq  infer  that  KAP-contalninq  fragaents 
play  a  key  role  in  determining  tho  kinetics  of  both  pha«es 
of  asscably  and  examine  the  Icpllcations  of  tho  redistribu¬ 
tion  of  MAPs  as  a  rationale  for  the  slow  phase  elongation 
process. 
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ISSESAMIO'S  or  CLYCESAUKniE-J  PHOSPHWS  KHrSHOOMiSa  VIK 
BAS5  5  PaOTBIS  or  THE  5B0  KEXBaAltE 
A.H.  B»th,  J.H.  ?ar3c  eiA  V.B.  Irccser,  Cepi.  of 
yacderMit  UoSv.,  Kaolivillo,  ?5,  U.S.A. 

Soveral  glycolytic  eszyzos  iscluding  glycoroldoliydo-? 
pboophito'dehydwgocaso  (GAPM)  bind  revoralbly  to  tho 
cytoplAsaic  N«teraisal  dosain  of‘  band  3  protoin  in  tho  red 
blo^  coll  (RBC)  aoabra&o.  Bound  GAPDH  can  bo  roloaaod  bj 
high  lovolo  of  sabstratoa  or  :;ad  .  Ve  havo  provioualy  ahovn 
that  tho  relative  pooltSoning  and  a^tlal  dlatrlbution  of  a 
ap^  labeled  XAB*  (SL^^AB*)  dori votive -bound  to.aolublo  CAP!>^ 
in  various  atoicbioaotric  ratioa  cas-bo  dotoninod  by 
doconvolutiOBT  cf  oloc^on  parasagnotic  roaonacco  (GPR) 
spectra,  those  data.pnvidod  direct  evidence  for  a  ligand 
induced  8eq[uestial  binding  aodel  vith  racdoa  spatial  additloti 
of  RAD*  to  the  tetraser  subaequent  to  binding  of  the  flrat 
coensyse  (£.  Biol.  Chea.y  in  press).  In  the  presesV>report 
vith  aeabrane  bound  ecsyae,  band *3  interacted  vith  one  RAD 
binding  doaa'in  of  GAPDK^  resulting  in  dlaplacenent  of  one 
SL-RAD  .  Catalytic  aetlvity.'  vaa  partially  inhibited  by 
binditsg.  ^e  B3<Kda  fragaent'purifled  froa  band  3' interacted 
vith  tvo  eoenzyae ^binding  dosains  and  eoapletely  inhibited 
activity  at  pH  7*  Klcetic  data  indicated  that  the  23*kja 
protein  vaa  a  coapetltlve  inhibitor  vith  respect  to  RAD  . 

The  quaternary-structure  of  the  eszyae^coenzyso-cosplez' vas 
preserved  in  the  aeabrane  oosplez.  These  data  provide 
insight  into  the  arracgeaent  of  the  cytoplasaic  doaain  of 
band  3  In  the  RBC  aeabrane. 


.098 

P»>TE!K  INTERACTiaSS  IK  »!CR0TU5UL£  FORKATIW 

K,L  Foster  and’H.A.  Ro5eaeyer,,0epa>tcent  of  Biochwistry* 

^^iversity  Collese  Lonaon»  bo*^r  Street*  London  HCIF  6BT,  UK. 

Klcrotubule  proteins  were  prepared  from  bovine  brain  by 
assecbly-dlsasseribly  cycles  that  provide  the  ealn  cocponent* 
tubulin,  and  plcrotubule-associatad  proteins  (KAPs),  which 
prcMaote  the  polys^rlzaticn  of  tubulin.  We  have  Investigated 
the  factors  affecting  polymerization'  by  studying  the 
properties  of  tubulin  In  the  presence  and  absence  of  KAPs 
.using:  electron  eUroscopy;  preparative  ultracentrifugation 
as  a  gelling  assay;  analytical  ultracentrlfugati^  to 
detect  olfgccers;  and  electrophoresis  to  determine 
cccposHion. 

There  was. a  correlation  between  the  characteristic 
sedicentation  pattern  of  6  S,  19  S  and  30  S  cospohents  and 
the  production  of  microtubules  seen  under  the  electron 
Bicroscope.  Our  results  suggest  that  formation  of'oicrc- 
tubules  depends  on  the  Dicrot(i>u1e  protein  preparation  being 
competent  to  form  these  particular  species. 

On  reAmoval  of  the  liAPs,  the  property  of  tubulin  to^'form 
aggregates  other  than  cicrotubules  becomes  coore  evident.  One 
of  these  associations  Involves  the  formation  of  a  60  S 
oHgoner  in  the  presence  of  an  extraneous  protein  with  a 
molecular  weight  of  160,000.  ihis  entity  corresponds  with 
one  of  the  neurofitament  proteins,. and  Indicates  a  possible 
interaction  between  microtubules  and  neurofilacents. 

On  further  purification  of  tubulin,  it  showed  an 
association  of  the  dimer  to  a  tetramer,  which  could  be  the 
initial  step  for  polymerization  to  microtubules. 


099 

TAXOL  charges  THE  KYORODTKAMXC'FfiOf^ERTlES  OF  fllCROTUBULES 
J.^Rc£dh,  h.  VaUin  arui  J.  Oeinus/  Oept.  of  Physical  Chee.^ 
Chalecrs  Univ.  of  Technol.^  96  CSteborg^  Ocpt.  of 

Zoophysiol,  and  Oept.  of  Kcdfcal  PhysicS/  Univ. of  Ccteborg^ 
$-300  33  C6teborg^  Suedcn. 

HIcrosubuU/  assecbly  was  foUoued  and  aonitored  by  1) 
the  developeent  of  linear  dichroisa  of  the  apparent  absorbance 
at  3S0  rui  upon  flow .orientation/  the  to  signal/  2)  the  change 
in  absorbance  at  3S0  na,  the  ^urbTdiiy  and  3)  the  specific 
viscosity/  ly^eeasurcd  at  2  Bin  intervals.  Ue  found. that  the 
hydrodynaeic  p'ropertius  of  KTs  are  changed  in  the  presence  of 
taxol/  a  drug  which  binds  to  tubulin/  while  the  HT  associated 
proteinS/  HAP^/  do  not  seea  to  be  of  equal  ieportance.  The 
presence  of  taxol  did  not  change  the  relative  aeount  and  coa- 
position  Of  the  HAPs  in  the  HT-pellet.  Although  for  noraal  MT 
asscBbly  the  three  eethods  showed  the  saee  features  these  were 
different  In  the  presenee  of  taxol.  Furthereorc/  these  HTs 
were  difficult  to  orientate/  as  high  flow  gradients  were 
needed  and  the  optical  10  value  represented  only  102  orlen* 
tat  ion  Zn  contrast  to  noreal  HTS/  rapid  relaxation  to  randos 
orientation  was  found.  Taxol  induced  HTS/  asseebled  froo  puri¬ 
fied  tubulin/  showed  the  saue^behaviour.  Lev  orientability  was 
also  indicated  by  electron  micrographs  of  pelleted  HTs  ran- 
doaly  orientated  in  the  presence-of  taxol.  A  further  indi¬ 
cation  for  altered  hydrodynamic  properties  is  the  very  high 
$V/  4x  the  steady  state  value  found  with  noreal  HTS/  In  the 
intnal  phase  of  asscebly  both  for  purified  tubulin  as  well  as 
for  HT-  proteins.  Furthernsre/  the  apparent  steady  state  as 
found  by  tur-bidity  does  not  represent  a  stable  state  as  both 
LD  and  SV  continued  to  change  for  a  nuch  longer  tiee. 


101 

COLCHICINE  SPIN  PROBES  AND  OTHER  EFFECTORS  BOUND  70  TUBULIN. 
ighannj^Dsjnya  and  Per  Lincoln/  Oept. of  Hedical  PhysIcS/  Univ. 
of  66tebor9/  Box  330  31/  S-600  33  G6tcborg,  Sweden. 

A  spin  probed)  for  the  colchicine  binding  site  on  tubu¬ 
lin  has  been  synthesized  which  inhibits  nlcrotubule  asseebly 
anc  coopetes  with  colchicine.  From  EPR-titration  a  non-linear 
Scatchard  plot  was  found  indicating  that  tubulin  at  37®C  con¬ 
tains  core  then  one  colchicine  binding  site:  one  high  affi¬ 
nity  binding  site  (Kd  b  20>uH}/  consistent  with  the  binding 
studies  of  the  isolated  couplex  and  one  or  core  low  affinity 
site(s)  (Kd  approx.  200 juH). 

AUoccuMcinc  spin  probes  tsith  varying  larger  chain 
lengths  were  found  to  have  less  affinity  for  tubulin  coepared 
to  (I).  Froa  the  EPR  spectrum  of  these  tubulin-bound  probes 
lx  can  be  con.iuded  shat  the  high  affinity  colchicine  binding 
site  lies  in  a  hydrophobic  protein  cleft. 

No  disturbance  of  the  EPR  signal  of  the  tubuUn-bound 
allocotehicine  spin  probe  could  be  observed  at  20^C  from 
Kndly  or  CoClI)/  used  for  the  HgCll)  resp.  ZnCII)  binding 
site/  CrdDSTP/  used  for  the  binding  site  of  the  excharige- 
able  CTP  and  the  essential  SH-groups  labelled  with  a  $K-group 
spin  probe.  This  lack  of  interaction  Indicates  that  the  col¬ 
chicine  binding  site  is  sterIcaUy  isolated  froa  the  binding 
site  for  GTP/  Zn(ZZ)/  HgfZI)  and  the  two  essential  SK-groups. 

However/  in  the  presence  of  spin  probe  (I)  the  reaction 
rate  of  the  SH-groups  decreased  to  about  S02.  Binding  of  col¬ 
chicine  to  tubulin  apparently  induces' a  conforaational  change 
which  affects  the  accessibility  of  the  two  aost  reactive  3H- 
g roups. 


100 

CTRUeZURE  or  r-ACriM  lit  SIMCII5-IAYERED  PARACRYSTALS. 

S.P.  Morris  /  R.  Kendelson  and  E.J.O'Brlcn/  H.R.C.  Cell 
Bi^hysics  Unit/  26*29  Drury  Z.anc/  Lordon  1^02/  England. 

Electron  alcrorcepe  analysis  ot  paraczystals  o£  P-actln 
induced  by  has  usiuilly  been  cocplicaced  by  the  presence 
o£  superimposed ' layers  of  filaaentS/  so  that  the  projected 
appearanco  aay  represent  a  composite  (Egelaan  ^  ^  1983  J. 
;tol.  Biol.  16$  60$).  At  lower  levels  of  «g^  (2Sa»}single- 
layerod  paraczystals  are  obtained  w>ich  appear  well  suited 
for  image  analysis.  Optical  a^  ocoputer-goneraced  diffrac¬ 
tion  patterns  indicate  that  tho  filament  syssetry  coaprises 
13  subunits  In  6  turns  of  tha  5.9  ns  genetic  helix.  The  int- 
onsity'of  tho  2nd  layer-line  is  relatively  serong,  about  half 
chat  of  Che  let  layor-Une.  Filtered  isages  of  the-paraerysc- 
als  show  clearly  that  adjacent  filasents  havo  opposite  polar- 
ley.  Individual  filaments  in  the  filtered  image  were  extract¬ 
ed  freo  arrays  and  used  for  helical  thrce-dlmeneional  recon¬ 
struction.  Zn  the  reconstructions  tho  actln  subunits  have  a 
largo  elongated  region  extending  to  a  radiusof  about  4.4  na 
and  a  ssallcr  projection  extending  to  about  3.5  ns.  Cor..nect- 
ions  along  the  long-pitch  helices  occur  at  lower  radius  . 

The  F-actln  reconstructions  are  consistent  with  the 
region  assigned  to  actln  in  the  thrce-dlsenslonal  reconstruc¬ 
tions  calculated  from  electron  micrographs  of  F-actin  trop- 
coyosln  by  O'Brien  et  (1983,  in  "Actin,  its  structure  and 
..wictlon  in  ausclo  and^ron-zausclo  colls"/  Academic  press, 
Sydney) .  The  binding  cf  tr ;pccsyosin  docs  not  therefore  alter 
tlto  conformation  of  P-actln  greatly.  An  Interesting  feature 
of  the  F-actin  reconstructions  Is  a  thin  extended  region 
^d^lch  may  fora  part  of  tho  tropcoyosln  binding  site, _ 
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COKFOmTIONAL  EFFECTS  OF  NUCLEOTIDE  BINDING  TO  TOBULIN 
E.J.  Manser  and  P.M.  Baylcy 

The  effect  of  bound  nucleotide  'jpon  tho  conformation 
of  tubulin  nas  been  investigated  by  rcmwal  of  the  nucleotide 
from  the  E (exchangeable)  binding  site  on  tho  tubulin  diner/ 
using  carefully  controlled  treatment  with  aXKaline  phospha¬ 
tase.  Tho  conformational  effects  are  monitored  by  ncar-uv 
circular  dichrorso,  and  the  micleotide  hydrolysis  by  HPLC. 

AlRallne  phosphatase  causes  an  exponential  change  in 
tho  near-UV  CD  of  tubulin  at  a  rate  correlating  with  the  loss 
of  bound  nucleotide.  Subsequent  addition  of  GTP  causes  a 
reversal  of  the  effect.  The  magnitude  of  the  spectral  change 
IS  different  in  magnitude  and  hind  from  eifccts  associated 
vith  modulation  of  tubulin  conformation  by  MAPs,  similar 
effects  are  observed  with  tubulin  and  with  microtubule  pro¬ 
tein. 

The  effects  show  that  nucleotide  removal  causes  change/ 
which,  though  stibstantial,  are  reversible  under  these  condi¬ 
tions.  The  results  are  relevant  to  the  role  of  nucleotides 
in  promoting  microtubule  assembly,  and  also  indicate  the 
feasibility  of  z>erformin3  quantitative  substitution  of 
nucleotides  with  various  analogues. 
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IfWliooiEKICM,  WCALISATION  OF  30kD  MICKOTUEULE  ASSOCIATED 
FROIEIS  FROM  CIA"DU  'UCELTA.  J.T.  Clark  anA  D.V.  Molbcrtcn. 
D«?arte«nc  t»f  Zooiogr/,  l'n£vars£«y  ol  Hull,  Mull,  U.K. 

A  stethoj  been  developet'  for  the  isolation  of  flagella 
fires  Ciardia  l^blia  using  a  ?,rcoll  density  gradient; 
flagella, occupy  a  brood  density  ran^e  of  1.076-1.111  ^al. 
Analysis-of  the  proteins  of  purified  flagella  by  SOS  PAGE 
reveals  the  cajor  polypeptides  st  tubulin^  and  a  group  of 
proteins  ci  about  30kD.  Microtubule-associated  proteins  of 
siailar  have  been  shown  to  be  present  in  the  cytoskeleton 
of  Giardia  and'^erc  called  giardins  (Crossloy  A  Holberton, 

S.  Cell'Sci.,^,  ?1-103,  198j'.  Flagellar  giardins  appear  to 
be  antigerically  distinct  fron  cytoskeletal  giardins  when 
blot4.ed  fro9  a  gel  into  cellulose  nitrate  and  tested  for 
cross-reactivity  with  an  antibody  to  cytoskel^tal  giardin. 

Sose  of  the  Isolated  flacclla  are  ventral  flagella  which 
have  a  specialised  ulcrastructure,  possessing  a  paraflagellar 
icd  which  is  attached  to  3  doublet  tubules  of  the  a>concac 
and  extends  to  fora  a  broad  fin  beneath  the  nesbrane.  IZ 
Triton  \-10G  reooves  these  rods  when  flagella  arc  dcocabran- 
ated.  tthen  the  proteins  of  the  detergent-insoluble  axoncses 
arc  exaained,  the  giardin  bands  arc  lost  whilst  ta&t  other 
&ajor  cosponents  are  retained. 

Protein  eluted  froa  the  sajor  giardin  band  was  used  as 
an  icaunogen.  The  resulting  anti-serua  preferentially 
labelled  the  ventral  flagella  of  cells  exasined  by  isaono- 
fluorcsccnce. 
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’  mPs  Association  of  Microtubules  and 

yeurofila^crtts  in  Vitro.  E.J.  Aaoodt  and  R.C.  Wlllilaas, 
Jr.,  Dene,  of  'lolecular  Biology,  Vanderbilt  Ifnlvcrsity, 
Nashville,  Tennessee:,  USA.  Neuronal  intcraediate  fllasencs 
(neurofilanents,  abbreviated  NP)  prepared  froa  brain  fora  a 
viscous,  sediaentable  cosplex  with  lelcrotubulcs  under  suit¬ 
able  conditions,  C(Rungc,  M.$.  ct  al,,  P..N.A.$,,  USA  2|» 
1431  (1981)3.  NTs  prepared  froa  spinal  cord  did  not.  Brain 
NTs  differ  froa  spinal  cord  NFs  In  part  by  bearing  proteins 
that  reseablc  nJcrotubulc-assoclatcd  proeelns  (MAPs).  MAPs 
bound  to  spinal  cord  NFs  when  they  were  incubated  together. 
The  MAP-decorated  NFs  forced  a  viscous  coaplex  with  olcro- 
tubules  (MTs),  shoving  that  a  cesponent  of  KAPs  aedlates 
association  between  MTs  and  NTs.  KAP-2,  prepared  by  a  actlr> 
od  involving  ha*t-treatacnc  of  MT  protein,  did  not  ’lediatc  a 
viscosity  increase.  The  dependence  of  the  viscosity  of  HF- 
MT  mixtures  upon  the  concentration  of  MAPs  displayed  a  &axi- 
eus,  suggesting  that  MAPs  act  as  true  cross-bridges  bntvcen 
the  two  structures.  Gel  filtration  separated  the  MAPs  into 
a  fraction  of  lirge  ^>toke3'  radius  which  was  active  in  pro¬ 
ducing*  NF-MT  fixtures  of  high  viscosity,  and  a  fraction  of 
s^ll  Stokes'  radius  which  was  not.  The  peak  of  viscosity- 
inducing  activity  had  a  larger  Stokes'  radius  than  purified 
,MA*'-2,  indicating  that  a  coaplcx  of  MAPs  connects  HTs  and 
'1^3.  Electron  nlcroicope  grids  with  adherent  MAP-decorated 
NTs  bound  numerous  MTs,  each  In  apparent  contact  with  one  or 
more  NFs.  Grids  prepared  with  untreated  NFs  lacked  MTs. 
These  resulci  confir'i  that  one  or  taore  of  the  MAPs  sediates 
association  b<tvccn  MTs  and  NFs,  Supported  by  grant  GH 
29834  of  the  US  NIH. 
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THBRMODVWAMIC  EVIDENCE  FOR  CYTOSKEtETAL  CONSTRAINTS 
ON  THE  B -ADRENERGIC  RECEPTOR  OP  TURKEY  ERYTHROCYTES 
J.  Hoeb*ikc  and  A.D.  Strosberg.  Laboratory  of 
Holocular  Innunology,  institut  Jacquos  Konod, 

2/  Placo  Gossicu,  P-752SI  PARIS  Codex  05 
At  temperatures  belo<v  2&^C^  the  binding  of  the  an¬ 
tagonist  1-dihydroalprenolol  and  the  agonist 
1-isoprotcrcnol  is  of  a  hydrophobic  nature  in  view 
of  the  positive  enthalpy  and  entropy  changes  upon 
complex  fornation.  Above  28^C,  the  receptor  is 
present  in  an  altered  state.  This  is  inferred  fron 
the  slriarp  decrease  in  jffinity  for  both  antagonist 
and  agonist,  fro.’n  the  negative  enthalpy  changes  and 
from  the  snail  entropy  changes  upon  binding. 
Kinetic  experiments  suggest  that  the  modification 
in  the  thermodynamic  parameters  is  due  to  drastic 
changes  in  dissociation  rates  and  activation 
energy  of  the  dissociation  reaction.  The  actin  poly 
roerisation  inhibitor,  cytochalasin  D;  and  the  micro 
tubule  inhibitor,  nocodazolc,  induce  an  antagonist 
binding  state  comparable  to  that  above  28^C,  over  a 
temperature  range  from  17  to  37*C.  Nocodazole 
treated  cells  displayed  a  low  affinity, a  high  ne¬ 
gative  enthalpy  and  a  zero  entropy  change  upon 
agonist  binding.  Cytochalasin  D  treated  cells  exhi¬ 
bited  a  high  affinity,  a  higher  negative  enthalpy 
and  a  negative  entropy  change.  Those  results  sugget 
the  different  modulation  of  receptor  affinity  by 
the  actin-spectrin  network  and  the  peri-membranar 
microtubules. _ 
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^lOHYSICAL  S2»JDIES  ON  CELLULAR  MEMBRANE  EXPOSED 
TO  Hlffl  DITENSITY  TRANSIENT  ELECTRIC  FIELDS 
V,T.  Srlaivasan,  K.C.  George  and  B.B.  Singed 
Biology  and  Agriculture  Division,  Ehabha  Atoinic 
Research  Centre,  Trozab^,.  Bombay,  India 

Ihe  structural  changes  induced  in  the  intact 
aeabrane  of  rat  thyaocyten  exposed  to  hlg^  voltage 
(upto  10  kV/ca)  D»0.  Pulses  (0«2  and  123  Msec.) 
have  been  monitored  using  fluorescent  probes  AHS 
and  DHK  Khereas,  the  Intensity  of  ANS  fluores¬ 
cence  increased  with  the  voltage  indicating  unfol¬ 
ding' of  ^6  membrane  at  the  water-llpld  Interphase, 
a  slight  decrease  in  DB{  fluorescence  under  similar 
circumstances  demonstrates  only  minor  disorganisa¬ 
tion  in  the  lipidic  interiors;  Ihesc  effects  are 
accompanied  by  permeability  changes  in.  the  membrane 
as  revealed  by  the  release  of  Intracellular  mate¬ 
rials  or  by  the  uptake  of  erythroeln  0.  I^r  tte 
short  duration  pulse,  such  changes  could  be  re¬ 
versed  on  incubation  of  cells  at  37®C  but  the 
changes  Induced  by  125  Msec'  pulse  appeared  perma¬ 
nent.  Furthermore,  the  reversible  changes  in  &e 
fluorescence  or  moabrane  permeability  could  also  be 
made  permanent  on  storing  at  ice  temperature. 

These  results  on  the  molecular  alterations  and 
their  manocuveraollity  by  temperature  would  be  use¬ 
ful  in  entrapment  of  foreign  materials  e.g.  drugs, 
in  cellular  systems. 
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LOW-AflGLE  X-RAY  DIFFRACTION  STUDIES  OF  HIWAN  ERYTHROCYTE 
KEf'BRANES 

H.  2hao*.  Y.  Xu®,  Z.  lu®.  K.  T«o®®.  and  H.  Pan+.  *In$tUute 
of  Modern  Biology  anT  Blocedtcal  Engineering,  Tsinghua  Uni¬ 
versity,  Beijing.  China.  ®®  Institute  of  Material  Science. 
Tsinghua  University.  Beijing,  China.  ♦  Chinese  Acadeoy  of 
Medical  Science,  Beijing,  China. 

Reports  on  low  angle  x-ray  diffraction  pcasureaents  of 
hon^n  erythrocyte  ff»e&brane  structure  have  appeared  frequent¬ 
ly  In  recent  literatures,  but  few  of  them  deal  with  Influ¬ 
ence  of  Ions  on  erythrocyte  oeiabranes.  In  this  study,  low 
angle  x-ray  diffraction  patterns  have  been  obtained  from 
ordered  arrays  of  henoglobln-frcu  huoan  erythrocyte  tseo- 
branes  by  use  of  one  dlcensloc  position-sensitive  detector. 
The  spacing  corresponding  to  t’^  peah  of  intensity  vas 
varies  (depending  on  the  hunidity)  from  55  A  to  65  A  which 
was  good  agreeoent  wlth  StaMtoff  et  al  (1975),  The  effect 
of  Ions  (such  as  Mg,  Al,  Cu,  2n.  Se,  Ph  et  a»)  on  the  struc¬ 
ture  of  erythrocyte  tseobranes  has  been  Investigated.  From 
the  change  of  diffraction  patterns,  we  found  that  sose  kind 
of  Ions,  for  exaoplc  Se.  prcsuaably  could  bind  with  Be«- 
branes.  The  Influence  of  sone  traditional  Chinese  csedicines 
on  the  structure  of  human  erythrocyte  eeabranes  was  also 
studies.  It  Is  Interesting  to  find  that  some  traditional 
Chinese  medicines  (such  as  Ilex  pubescens)  for  angina 
pectoris  have  obvious  effect  on  human  erythrocyte  eeabrane 
structure. 
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•2SZ  EPIECT  0?  TKB  AI/TERATION  OP  SKIN  SUKPACE  CHARGE  ON  THE 
GROWTH  OP  Sarcoma  SA-lBO  21  XIC3  . 

J.Jaskovski,  H.Zawadzki,  J.Witkovski  ajid. J.Lukovicz 

Icstituto  of  Kedical  Biology, Medical  School, Gdansk, Poland. 

In  the  course  c£  the  studies  on  tho  role  of  surface 
charge  in  various  physiological  and  pathological  processes 
ve  studied  tho  influence  of  surface  charge  on  the  growth 
of  exporincntal  tumor. 

^epericents  were  dene  on  60  sice  with  sarcosa  SA-I$0 
implanted  into  tails.  The  skin  surface  charge  was  measured 
on  the  basis  of  the  fluorescence  of  X,8-anlline-naphthale- 
ne  sulfonato  (ANS).  The  seasurenents  were  done  icrediately 
after  tunor  laplantation  and  next  each  other  dsy  for  20 
days.  One  half  of  sice  received  bi^uanlde  (BGD)  ,vhich  was 
applicated  on  that  area  of  skin,  where  the  tumor  was  in- 
planted.  BCD  was  iised'in  order  to  decrease  the  negative 
charge  of  the  skin.  Tho  second  group  of  mice  served  as  a 
control. 

Statistically  si^ficant  inhibition  of  tumor  growth 
w'os  obser/od  in  the  case  of  BGD-treated  arumals. 


112 

THE  B??E0T  0?  VmOUS  lOHS  OH  THE  PHASE  ISAICSI- 
TlOm  PARAISPERS  OP  LIPID-  .’AOEa  SISISHS 
P.T81CT631.  I.P.Sugdr  and  S.Gybrgyi,  Inst. of 
Biophysics,  Soaholweis  Hed.Univ. , Budapest, Hungary 
The  toaperature  and  enthalpy  of  the  phase 
transitions  of  soae  phospholipid  -  clcetrolite 
systerjs  wore  deternined  by  using  differential 
scanning  calorlnetry.  The  investigated  lipids 
were  synthetic  dipaioitoyl-phosphatidylcholine 
and  dipalnitoyl-phosphatidyl-ethanolanine  and  tho 
salta  were  the  chlorides, nitratca, perchlorates 
of  tho  alhall  cations.  Thers  is  no  difference 
botv;oen  the  cations  in  respect  to  the  effect  on 
the  main  phase  transition  (at  41.5°C  for  DPPO 
and  63,(7 (J  for  DPPB)  in  contrary  to  tho  onions. The 
chlorides  inoreassd  the  main  tranaition 
teaporature  while  the  nitrates  and  perchlorates 
did  not.  The  effects  could  be  interpreted  by 
assuming  tho  formation  of  H-bonds  between  the 
polar  heada  of  lipid  molecules.  These  results  are 
discussed  in  tho  frame  of  Landau’s  phenomenolo¬ 
gical  theory  on  .he  base  of  Priest’s  nodol  for 
uro  leclthin-Wuvor  system.  It  seems  that  thers 
3  difforenoo  between  the  cations  in  respect  to 
tho  effect  on  the  pretransition  of  lecithin.  The 
behaviour  of  Li'*'  is  quite  proainont,  while  among 
tho  others  tho  Ita>  K  >RbpCs  sequence  can  be 
established. 
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STUDIES  OF  irfTERACTIONS  IN  PROTCIN-URO  LAMELLAE  SYSTEM 
USING  THE  AUTOCORRELATION  FUNCTION  APPROACH  -  THE 
EXAMPLE  OF  NERVE  MYaiN 

,M.K.  GbQtdpQg,  NogticM  Mcmorltl  Irstitutt  for  Mfdkil  Rttoarch,  Urev.  of 
Ghini,  Legoa 

In  studying  protelalfild  ind  llpld«t!pld  Intoractlons  In  biO'inembrsnes 
ind  model  membrant  systems,  the  methods  of  bfochemleel  analysts  of  mem* 
bran#  components  and  phasa  trandtion  phenomena  hava  been  v^ldely  usod. 
Tha  autoccerditlon  fwicticn  has  been  applied  mainly  kn  determinhg  tha  cl«> 
ctron  density  d1stfl>utlon  of  a  mernbrana  palr.Sinea  myef  n  Itpids  and  protc* 
Ins  contain  chaiged  aid  uncharged  gmups  which  interact,  tha  autocorrefa' 
tion  Ijnctlon  of  a  unit  ceil  offers  In  piinc^le  a  basis  for  studying  protein* 
lipid,  l|pld*lipld  ar<<t  prot«in*proteln  interactions  In  the  lannelir  system. 
Uslngtho  autocorrefation  (generaflxed  Patterfonjfuncdon  of  normal  swolen 
and  CkO^  -  fixed  myelin  samples,  wa  identify  quafitatively  In  analogy  to  a 
potential  function  artasof  the  fuietion  iclited  to  electrostatic,  hydrophobic 
and  (Ssperdon  hteractlonu  This  qualitative  decr^stfan  of  the  autoeorrefa* 
tIon  Ijnctlon  In  teims  of  Intcractims  between  membane  constituents  agrees 
in  prineV>le  with  the  generally asumed  distrlbutbn  ofbasic  and  hydrophobic 
proteVisand  IpUsfn  the  ebetron  density  profleof  theuidtcel. 
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HYDRATION  CONTRIBUTION  TO  ION-ION  AND  lON- 
-MEMDRANB  INTERACTIONS 

R.  Rodgornlk  and  3.  2ck5,  Institute  "JoJtef  Stefan* 
Japova 61000  Ljubljana,  VU 
A  generalized  version  of  a  recent  model  of  the 
hydration  force  was  used  to  Investigate  the 
Interaction  between  membranes  and  ions  in  water. 

By  takln9  into  account  the  variations  in  polar¬ 
ization  as  well  as  in  density  due  to  the  presence 
of  Djerrum  defects  in  ice  wc  have  extended  the 
model  of  the  hydration  force  In  water  to  the 
case  of  local  variations  in  water  density  which 
Is  more  closely  connected  to  the  conditions  met 
in  real  water  solutions.  The  density  and  polar¬ 
ization  profile  of  water  was  compared  to  the 
Honto  Carlo  slmulotlons  and  satisfactory  quali¬ 
tative  agreement  was  found.  The  hydration  con¬ 
tribution  to  the  Born  energy  was  evaluated  in 
connection  with  the  transport  of  ions  through 
membranes.  The  influence  of  hydration  on  ion-ion 
and  ion-membrane  interaction  was  treated  in  the 
frame  of  proposed  model.  Ke  emphasize  the  import¬ 
ance  of  hydration  for  interactions  in  biological 
systems. 
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EFFECT  OO^mCN  OJ  APPAPENT  lOIENTIAL  JEftSURr 

ED  BY  rmOKESCENT  CONIKS  DYE 

M.  Dcloors,  3.P.  Sexvais,  P.dc ‘LavcIc^<o  aixJ  E.  HOlfcn., 
Bicrcri^ranes  Lab./  Dept.  Biochoraistzy/  UCB  Pharma  S.A./ 
B-2060  Brussels/  Bolgivea. 

yoUc  phosphatidyl  dioUne  liposomes  containing  va* 
ridblo^.£:x!unts  o£  s^ioS^tidyl  ethanolaralm/  phosphatidyl 
inositol  or  phosphati^*!  sexinc  induced' irportant  variat* 
ions  in  the  fluorescence  of  3.3'dlpxcpylthioc^abocyanlnb. 
Hic  variations  of  fluorescence  arc  pxch^ly  due  to  conges 
in  electrostatic  interaction  beti^n  lipids  a:^  the  £luoxt>- 
phoxe  by  increasing  or  decreasing  the  amoat  of  sorbed  dye. 
Ihc  fluorescence  response  is^mt  correlated  to  the  crrbzane 
fluidity  as  measured  by  dipheryl  hocatriene  polarization 
vhen  tte  menbrane  contains  no  cholesterol.  Increasing  cho' 
Icsterol  ccncentratlon  in  the  valincrycin  containing  llpo- 
seme  mesbrane/  decreased  the  apparent  merbrane  potential  due 
to  potassium  content  and  prevented  dye  sorption  to  the 
corbrane.  Althou^  a  discontinuity  in  the  apparent  poten¬ 
tial  occurred  at  30  mol  %  cholesterol/  it  could  not  be 
correlated  w.*th  changes  in  miexovisoosit^'  as  measured  by 
DPH  polarizaticn. 

These  results  uidicate  that  great  care  should  be  taken 
vbon  correlating  ri^ld  variations  of  fluoresocnoo  to  potentr 
ial  diangcs  vhen  induced  by  ligands  in  scfie  cell  types. 

Vte  suggest  that  changes  in  phcpholipld  met^iToUsm  (turrr 
over,  pho^^tidyl  inositol  cycle)  .might  vjell  <»q>laln  fluo¬ 
rescent  changes  \*en  monitoring  the  fluorescence  of  the 
molecules  sorbed  to  biological  jxsbrai^. 
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THE  S72CT  0?  THE  ALTHSmOH  OP  SKDf  SDHFACS  CEASGS  < 
SE&LQJS  OF  HORN  VOOKBS  • 


f  THE 


J.  Jasbovskl 

]^tituto  of  Medical  Biology, Kedical  School, Gdansk, Poland. 


Vo  found  previously  that  tko  alteration  of  surface  cha¬ 
rge  of  cultuz^  colls  affcctod  transport  processes  in  cell 
seabrane.  Zn  this  investigation  ve  deteznined  the  inHuence 
of  Besbrane  transport- stisulatloa  on  the  healing  of  bum 
wounds  in  clinical  practice*  The  erporicents  were  carriod 
out  on  30  patients  vitK  2nd  grade  buns  of  the  upper  liebs. 
Skin  surface -charge  vas  oeasuzed  on  tho  basis  of  the  fluo- 
zesconoo  of  Z,d-a^llno-naphthalene  sulfonate  (Ai;S).Tho 
bums  resulted  in  an  izscdiato  decrease  of  the  negative 
charge  of  the  wounded  skin*  The  wounds  wore  exposed  daily 
for  3  hours  on  negative  air  Ion  cloud  (artificially  gene¬ 
rated)  in  order  to  reverse  this  decrease  of  skin  negative 
surface  charge.  Tho  persistent  increase  of  tho  negative 
charge  accoopsnied  the  sozphclogieally  observed  healing 
of  tho  wound*  She  latter  process  was  coapletod  by  10  days, 
what  was  considerably  shorter  tico  than  in  tho  case  of 
control  wounds  that  were  not  irradiated  with  air  lens. 
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CSYOPSOTECWOS  07  UfH)  BlUfrS  VESICLES  BY  STABILIZATIOS  OP 
VA7££  STdUCnJBE.  0,  Strauss.  A.  Ebneter,  and  C.  L&ski*  Dope, 
of  Cl^aaistry,  &ttgere  l/aiversity/  Vev  Brunsvick*  fl.J.,  U.S.A. 

Structural  changes  during  freezing  ajv*  -thavlng  of  lipcsoses 
of  ^ioophatldyl  serine  were  investigated  in  presence  of  salts, 
c^ohydrates,  and  water-soluble  polyeeii.  Snail  uniXsneUar 
vesicles  were  cade  by  soaication.  Itreezing  to  -70^  and  sub¬ 
sequent  thawing  resulted  in  fusion  of  vesicles,  leak^e  of 
solutes  from  vesicle  interiors,  and  takeup  of /ar/^iphiles  frea 
external  solution.  Sizs  increases  vers  nearx^ed-by  dynasic 
li^t  scattering.  Solute  redistributions  veH  sonitcred  by 
fluorescence  cethods.  £C1,  KaCl,  and  LiCl  below  0.1  H 
sli^tly  increased  the  degree  of  fusion  and  senbrane  disruption 
during  freeze-thawing,  whereas  KS4NCI  and  sucrose  greatly 
diminished  the  extent  of  freeze-^daasge.  Polyethylene  glycol, 
polyvinylpyrrolidone-  tad  polyvinyl  alcohol  at  1  -  ^by 
wei^t  were  ezyoproi*  tiv's.  Higher  concentrations  of  poly¬ 
ethylene  glycol  caused  aggregation.  The  insults  desonstrate 
'that  the  extent  of  essbrane  fusion  depends  on  the  degree  of 
disruption  of  senbrane'^oordinated  water.  The  disruptive 
effect  of  alkali  eetal*  ions  correlates  with  their  knevn  dis¬ 
ruption  by  electrostrlctlve  hydration.  The  cryoprotective 
action  of  tetranethylaaBoniutt  ion  is  in  line  with  its  hydro¬ 
phobic,  structure-stabilizing  hydration.  The  dual  effect  of 
poly&ers  can  be  related  to  prevention  of  freezing  and 
dehydrating  action  at  low  and  high  concentrations,  respeetivsly. 
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CHA153BS  0?  THE  TRAMSPOSHKO  ACTIVITY  0?  KSmAlC  Ha,K-A7P- 
ase  or  CELLS  SHKJCSD  BY  AIR  IONS  . 

J.Vitkowski,  J.Jsskowski  and  A.Kyollwski 

Iimtitute  of  Medical  Biology, Medical  School, Cdansk,Polsz^  . 


Tho  influence  of  artificially  generated  air  ion  cloud 
to  tho  cation  transporting  aotivlty  of  the  ceabrano  Ha,K- 
ATP-aso  of  Bouso  loukaeaia  colls  was  investigated  by 
moans  of  iho  csosurosont  of  owbain-sensitive  transport  of 
i^Rb  cations  into  theso  cells*  As  shown,  both  negative  and 
positive  air  ion  application  resulted  in  the  dininutlon  of 
ouabain-sensitlvo  Rb'*'  transport  (in  the  case  of  negative 
Ions  it  was  statistically  si^fieant).  For  the  explanation 
of  tho  pficncsoncn  obsoxved,  the  influence  of  air  ions  on  the 
total  nonbrano  charge  of  treated  cells  was  investigated 
using  1,8-aniline-ruiphthaleno-sulfonato  (ANS)  os  a  probe  . 
Klcrophctonotrlo  Bcasuroaont  of  tho  ANS  fluorescence  of 
individual  coUs  was  dono  for  detoxalnation  of  relative 
changes  of  charge*  As  shewn,  negative  air  ions  caused  sig¬ 
nificant  increase  and  positive  ones  •  decrease  of  the  fluo¬ 
rescence  of  AlfS  incorporated  into  tho  ceabranoo  of  treated 
colls*  Zn  the  li^t  of  obovo,  the  paradoxio  answer  of  27a, K- 
ATF-ase  to  air  ions  of  both  sl^s  coitld  bo  explained  only 
with  regard  to  Its  function  as  regulator  of  bursting  of 
action  potential. 
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INTERACTION  OF  Z-BVnUOENEPHTHAUDE  Vini  K  AND  Ca 
A2JTAG0NISTS  IN  n ELD-STIMULATED  MOUSE  VAS  DEFERENS 
V.C.  Ko  L*C.  Lin',  Dopartmont  of  Phansacology* 
Taipoi  Collego  and  *Dcpart(nont  ol*  Cliomistry 

National  Taiwan  Univoroity,  Taipoi,  Taiwan,  R.O.C. 

Z-Lutylidcnophthalido  (Z-Bdph),  as  woll  as  Ca 
antagonists  used,  such  as  aspominol,  diltlazem  and 
voranomil,  but  not  phosphodiostoraso  inhibitors  ( 
PDEZ)  potentiated  tho  field  stlmulaiion-lnducod 
twitch  rosponso  of  nouso  vas  doferons  in  n  doso  <!o- 
pondont  manner*  Tho  Bdph-inducod  potentiation  was 
not  affocteci^  by  atropino,  propranolol,  atenolol,  yo- 
hlnblne,  prazosin  or  phenoxybonzomlne  (1-3juM).  But 
tho  potontlotlon  was  blocked  by  n  high  doso  of  phe- 
noxybenzuBluo  (23juM},  owing  to  its  non-specific 
property.  This  blocking  offoct  was  more  opparontly 
observed  in  a  low  calcium  aodiua,  vhcroas  not  ob¬ 
served  in  a  high  one*  Aspanlnol  or  dlltiazen,  at  a 
naxiteal  but  not  nt  a  half  eoxlmal  concentration, 
blocked  tho  twitch  potentiation  caused  by  Z-Bdph* 

In  contrast,  Z-Bdph  nt  a  half  noxlmal  concentration 
blocked  thoso  induced  by  aspominol  or  dlltiazen* 
klillo  verapamil  and  Z-Bdph  did  not  block  each  other* 
However,  K  channel  blockers,  such  as  totraettiyl- 
oawaonlum  and  L-omlnopyridino,  could  augnont  tho 
twitch  potentiation  caused  by  Z-Bdplt*  Theso  results 
suggo'st  that  tho  Bdph-lnducod  twitch  potentiation 
nay  be  via  K  and  Ca  channel  but  not  via  cliollnorglc 
or  adrenergic  pathway,  and'^tliat  the  node  of  action 
of  Z-Bdph  nay  bo  different  froo  those  of  Ca  antago- 
oists  and  POHIi 
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TINE  DEPENPENCE  OF  ELECTRIC  BIREFRIN’CENCE  SIGNALS  OBSERVED 
miKG  APPLICATION  0?  TOE  PaSE.  Nanev  C.  StenvaeoT).  De- 
partaeat  of  Biocbeulstry,  University  of  Iowa,  Iowa  City, 
levs  52242. 

The  electric  blrefrlnienece  of  aqueous  solutions  of  a 
variety  of  sssll  electrolytes  has  been  studied  sa  a  function 
of  concentration,  electric  field  strength  and  pulse  length. 
Since  the  solute  ••olecules  are  coaU,  the  transient  behavior 
of  the  birefringence  signal  at  the  begtnnlrg  and  end  of  the 
pulse  reflects  the  tiae  constant  of  the  detecting  systea,  as 
expected*  However,  the  asplltude  of  the  birefringence,  in¬ 
stead  of  reaching  a  constant  steady  state  value  during  the 
pulse,  oscillates  sinusoidally  when  very  long  pulses  are 
applied  to  the  solution.  The  oscillations  appear  to  be 
superiBposed  on  the  constant  steady  state  birefringence. 

The  frequency  of  the  oscillations  is  proportional  to  the 
solute  concentration  and  to  the  square  of  the  applied  field 
strength.  The  frequency  also  depends  upon  the  sire  of  the 
electrolyte  ion,  with  smaller  ions  causing  higher  frequency 
oscillations  than  larger  Ions  at  a  given  concentration  and 
electric  field  strength*  Stsilsr  effects  are  observed  with 
dipolar  solutes  in  aqueous  solution.  (Supported  by  SIH 
research  grant  Of  29690). 
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HAGNETO-£LHCTRO-FUSIOK  OF  HUMAN  EfirTHROCVIES  CHARACTERISTICS. OF  ELECTRICALLY  INDUCED  AQUEOUS  PORES  IK  THE 

I.  Kraroer,  K.  Vfenken,  0,  VIenken  and  U.  ilrmennann, frbeits-  ERYTHROCYTE  MEMBRANE 

gruppTS^ranforschung  an  Institut  fdr  Medizin,  Kerrifor-  X.  Schw1ster«  S.  Deutlcke»  Oepartisent  of  physiology,  Medical 

schungsanlaoc  Oulich  G^H,  Postfach,  Julich,  F.R.G,  M^ity,  khiH  Aachen,  D-5i00  Aachen,  F.R.G. 

The  technique  to  collect  cells  dielectrophoretically  to  The  leaks  forced  in  human  erythrocytes  subjected  to  short 

establish'.he  close  E5e5rf)rane  contact  neWed  for  fusion  by  an  (t  ■  1-40  ps)  pulses  of  high  voltage  (2-20  kV/cra)  were  stud- 

electric  field  pulse  is  wll  known.  Besides  this  technique  fed  with  respect  to  the  conditions  of'their  fonaation,  their 

another  way  of  collecting  the  cells  was  tried:  cells  -  in  perrssclectivlty  and  their  resealing  properties  by  measuring 

this  case  hicsan  erythrocytes  -  were  taade  magnetic  by  incu-  a)  net  and  tracer  fluxes  of  various  solutes  in  osmotically 

bating  then  in  a  Fe^O^  -  suspension  and  then  the  "ffidgnetic"  protected  cells  and  b)  rates  of  colloid-osisotic  lysis  under 

cells  were  collect^  in  an  inhostogeneous,  static  magnetic  various  conditions.  The  induced  penseability  P  is  constant 

field.  Thus  close  contac^etween  the  cells  could  be  gained  ^it  0*C  for  hours.  It  depends  exponentially  on  the  breakdown 

and  the  fusion  was  triggered  by  an  electric  field  pulse  of  voltage  Eo  (P/Po  “  exp.  {o  •  Ed)).  The  slope  n  is  a  f^unctioh 

short  duration.  Fusion  products  of  two  or  three  cells  were  of  t  and  Ej).  The  leak  permeability  has  an  activation  energy 

frequent;  giant  cells  made  of  hundreds  of  cells  fonaed  if  of  15  -  25  kJ/Kole  indicative  of  diffusion  through  an  aque- 

cell  suspensions  of  high  densities  were  used.  The  advantage  ous  pathway.  Somewhat  different  equivalent  pore  radii  e{r.erge 

of  collecting  cells  in  static,  inhomogeneous  magnetic  fields  from  measurements  with  different  prtRjes:  0.6  -  0.8  nra  from 

is^that.rather  conductive  media  (conductivity  up  to  3*  lO"'^  tracer  fluxes  of  polyols  (M^  <  0.36  kO);  0.8  -  1.9  na  from 

ji'^cn"^)  can  be  used  which  provide  better  physiological  osmotic  protection  studies  with  polyethylene  glycols  (Rw  0.2 

conditions.  -  3.3  kD).  The  leaks  discriminate  small  ions  In  the  sequence 

of  their  free  solution  mobility.  They  reseal  by  a  non-mono- 
exponcntial,  highly  temperatur-dependent  process,  t/2  values 
for  resealing  (after  6  kV/cn  breakdown)  range  from  0.2  (37®C) 
to  4E  min  (lO^C).  A  break  in  the  Arihenius  diagram  for  re¬ 
sealing  indicates  changes  in  rate  limiting  steps.  Electri¬ 
cally  induced  leaks  in  the  erythrocyte  me^rane  thus  differ 
in  many  aspects  from  electrically  induced  leaks  in  artificial 
lipid  metcbranes. 

Supported  by  the  Deutsche  Forschungsgemeinschaft,  SFB  160/C3 
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■nm  EFFECTS  OF  ELECTRIC  CURREJJT  (Xt  A  mOROUS  TISSUE 
B.  Bolouri  and  tf.  L,  Pancoe,  Dcpartncnt  of  Biophysics, 
TailcgKani  Medical  School,  Tehran,  Iran;  College  of  Minan 
Medicine,  University  of  Kycoing,  Laramie,  hyo.,  U.  S.  A. 

This  research  investigates  the  effect  of  steady  direct 
electric  current  on  a  sarccea  type  cancerous  tissue.  Ino¬ 
culated  male  nice  while  keeping  the  negative  electrode  in 
contact  with  tumor  growth  region,  were  placed  in  a  constant 
current  path  for  various  densities  and  length  of  tine 
during  the  coirse  of  tinor  growth.  Samples  of  ixopaired 
test  timers  were  fixed  for  light  and  electron  microscopy 
to  cempare  with  those  of  controls.  It  was  indicated  that 
optimal  values  of  0.05  (rv\)  /  (Oa2  -  nin  )  has  marked 
effect  o>i  reducing  tumor  site  and  altering  tlio  organiratio- 
nal  growth  pattern  of  tinor  tissue  mainly  by  impairing 
vascularization  of  tuaor  mass,  dislocating  fatty  cells 
within  the  iimbr,  blocking  metastasis  by  inhibiting  for¬ 
mation  of  unor  cdboli,  r^ucing  the  size  of  cancerous 
coll  ncuclci,  and  creating  cytoplasmic  vacuolation.  Further 
investigation  is  being  carried  out  to  study  ultrastnictural 
changes  at  the  mcirhrane  level  for  cultured  cells. 
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ELECTRIC  pulse-induced  CELL  FUSION  BETWEEN  HUMAN  LYMPHOBLASTS 
AND  MOUSE  LYMPHOMA  CELLS.  Hlroko  Haca-Inaba*,  Takako  Ohno 
-Shosaku**  and  Yasunobu  Okada**,  *Divislon  of  Genetics, 
National  Institute  of  Radiological  Sciences,  Chiba  260»  and 
A*Departfienc  of  Physiology,  Faculty  of  Medicine,  Kyoto 
University,  Kyoto  606,  Japan. 

Somatic  cell  hybrids  between  human  and  taouse  cells  have 
great  potential  in  genetic  and  blocheeical  studies  of  genetic 
disorders,  such  as  Fanconl's  aner&la.  We  applied  a  technique 
of  electric  pulse-induced  cell  fusion  (elecerofuslon)  to 
obtain  hybrids  between  human  normal  lymphoblasts  (HSC93>  and 
mouse  leukemic  lymphoblasts  (MCNISI) ,  a  micoeycin  C-sensitlvd 
mutant  of  L5I78Y  cells,  which  carry  similar  phenotype  to 
Fanconl's  anemia  cells.  After  the  cells  were  brought  Into 
contact  under  dielectrophoresis  with  an  alternative  electric 
field  (0.8  kV/ca,  100  Uiz),  coll  fusion  was  Induced  by  two 
electric  pulses  (3  and  S  kV/cm.  10  us)  to  the  cell  suspension 
consisting  of  both  cell  types.  Cell  treatment  with  proteoly¬ 
tic  enzymes  snd  the  application  of  free  Ca  Ions  to.  extra¬ 
cellular  solutions  were  found  to  Improve  the  fusion  yield  and 
cell  viability.  Pretreatment  of  mouse  lymphoma  cells  with 
neuraminidase  did  not  affect  cell  fusion  and  cell  viability. 
In  contrast,  human  lymphoblasts  treated  with  neuraminidase 
were  brought  into  closer  contact  under  dielectrophoresis  snd 
fused  with  higher  probabilities  than  those  without  neura¬ 
minidase  pretrestment.  Using  human  lymphoblasts  stained  with 
Janus  Green  and  mouse  lymphoma  cells  with  Neutral  Red,  it  was 
found  that  about  40Z  of  fused  cells  was  the  dlslrcd  cell 
codblnaclon,  that  Is.  human  to  mouse. 
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influence  of  membrane  potential,  surface  charge 
AND  polylysine  ON  THE  INTERFACIAL  bTAOIUTY  OF 
MEMBRANES. 

Coaklev.  F.A.  Oouidh  and  D.  Tillcy,  Ocpartmcni  o(  Mjcro* 
biology,  Umversiiy  College,  CardiH,  U.K. 

Surface  wave  growth  on  erythrocytes  heated  at  I.O^C/s 
through  the  denaturatim  temperature  of  the  cytoskeleton 
protein,  spectrin,  has  been  recorded  by  video  microcopy. 
Cell  mor^logy  altered  within  1.0$  either  by  development 
ol  a  surface  wave  on  the  cell  rim  and  the  pinching  of  vesicles 
from  the  chests  ol  the  growing  wave  or  by  a  rounding  of  the 
ccU  into  a  $;^ere  with  an  internalized  dimple  which  immediately 
developed  a  surface  wave  and  internalized  membrane.  TTic 
percentage  of  cells  fragmenting  by  cither  mode  depended 
on  both  zeta  potential  and  on  cell  membrane  potential,  ^hen 
these  potentials  were  varied  lodependcnti)  a  l.0mv  increase 
in  the  membrane  potential  altered  the  fragmentation  pattern 
by  an  amount  similar  to  ihat  affected  by  a  I.Omv  decrease 
in  the  zeta  potential  modulus. 

Electron  and  light  microscopy  of  erythrocytes  agglutinated 
by  polyiysine  at  37^C  show  a  regular  periodicity  of  contact 
points  between  the  cells  consistent  with  the  growth  of  surface 
waves  at  the  membrane-water  interfaces  as  the  cells  approach 
each  other.  The  distance  between  <^tact  points  varied  only 
from  0.8-i.3  ^m  over  a  mtolecular  weight  range  of  4,050-210,000 
daltons  and  a  concentration  range  ol  2-2,000  pg/ml.  The 
incidence  of  spatially  periodic  agglutination  fell  ^arply  when 
the  polycation  length  was  less  than  the  glycocalyx  Uiickncss. 
Polycations  with  small  elfects  on  zeta  potential  required  a 
large  concentration  for  agglutination. 
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ELECTRON  TRANSFER  REACTIONS  IN  MODIFIED  DIUYER  LIPID 
MEMBRANES  AS  STUDIED  BY  CYCLIC  VOLTAMMETRY.  H.  T1  Tien. 
Henbrane  Biophysics  Lab,  Department  of  Physiology,  Michigan 
State  university.  East  Lansing,  HI  48824  (USA) 

Insofar  as  the  transduction  of  foodstuff  into  electri¬ 
cal  and/or  chenleal  free  energy  is  concerned,  a  type  of 
energy-transducing  aeobrane  systea  has  been  evolved  in 
lature,  naaely,  the  crlstae  aenbrane  of  the  attochondrlon. 
Ideally,  a  great  deal  of  bloelectiochealstry  of  this  aen- 
arsne  systea  can  be  learned  from  electrical  aeasureaents  by 
placing  electrodes  across  such  a  ambrane,  much  as  has  been 
lone  for  the  nerve  aeabrane  of  squill  axon.  Unfortunately, 
such  an  approach  is  not  yet  feasible  for  aost  organelle 
•cnbranes,  owing  to  their  tiny  size.  Therefore,  bilayer 
lipid  aeobranes  (BLM)  appear  to  offer  the  aost  useful  systea 
with  which  to  investigate  energy  conversion  processes  and 
-edox  reactions  (See  Bilayer  Lipid  Meabranes  (BLM):  Theory  & 
Practice,  Dekker,  Ino.,  New  York).  As  a  neans  of  studying 
trtnsacnbrsne  redox  reactions,  we  have  applied  oyollo 
/oltametry  to  the  BLM  systea  (Blophys.  J.,  I67a,  1984). 

Ihe  present  studios  exaatned  KNQ-eontaintng  BLM  in  the 
presence  of  a  variety  of  redox  couples.  Voltaaaograas 
ibtatned  clearly  indicate  that  redox  reactions  are  occurring 
It  the  interfaces  of  the  BUi  with  electrons  moving  trans^ 
/erseiy  across  the  TCNO-dopew  BLN.  Cyclic  voUametry  is  a 
powerful  technique  for  detecting  and  characterizing  coupled 
*edox  reactions  at  the  aenbrane/solution  interf^e  and  its 
spplication  to  aeabrane  bloenergetlcs  will  be  discussed. 

(Supported  by  NIH  CM  149711. 
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KINETIC  STUD!  OF  (JLTEA-HEAK  EIGiiT  EMISSION  FROM 
PLANT  TISSUE,  M.  Jerealf,  Vucinio,  6.  Radcno- 
vio,  D.  Fidler  and  H.  fatrbae,  Institute  oX  Phy¬ 
sical  Cheoistry,  Faculty  of  Science,  University 
of  Belgrade  and  Maize  Research  Institute,  Bel¬ 
grade,  Jugoslavia. 

Ultra-weak  light  enission  (ULE)  of  plant  and 
anisal  tissue  is  cheailuninescence  which  origi¬ 
nates  froa  XroB  redox  reactions  in  living  systea. 

It  is  believed  that  free  radicals,  like  OH*, 

OjH*,  Og"*,  and  singlet  oxygen  play  aajor  role 
in  production  of  ULS.  Since  KMnOa  and  H2O2  can 
create  those  radicals,  «e  investigated  their  in¬ 
fluence  on  the  intensity  and  rate  of  ULE  froa 
aaize  root.  It  was  found  that  the  intensity  of 
UEE  increased  linearly  with  increasing  HjOp  and 
KlinO^  concentration  up  to  some  liaiting  concen¬ 
tration.  Further  increase  of  H2O2  concentration 
had  no  influence  on  ULE  contrary  to  KKnOa, 
where  UEE  decreased.  Kinetic  study  Slowed  that 
three  different  first  order  reactions  create  to¬ 
tal  light  emission.  The  rate  constants  for  K0O2 
are;  ki*2,5*lC“2s“i,  ko«4,6*10-2a-^  and 

Treatnent  of  the  sasple  by  aacorolc  acid 
eliainated  the  fastest  reaction  while  two  others 
rcaained  unchanged.  The  rate  constats  for  reac- 
tion  with  KKnO^  are:  kio7.7*^10“2s'i,  k2*2.3»10-2 
s"A  and  k3e4,0*10*5s-l.  The  influence  of  teapo- 
rature  was  studied  too. 
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LICHT  SCATIERIKC  STUDIES  OF  MAGNETIC  FIELD  EFFECTS  ON  THE 
SUB,  LOWER  AND  MAIN  TRANSITIONS  IN  MODEL  MEMBRANES 
A.SiMoneo,  B.H.Bloct,  L^F.Brdganza  and  D. Melville,  Depertnent 
of  Physics,  Southaepton  Unlversicy,  Southaepcon,  U.K. 

We  have  extended  our  recent  study  of  the  oain  and  pre- 
transitions  in  one  and  tvo-cotsponent  Bultxlaacllar  lipid  ves¬ 
icle  suspensions  to  an  investigation  of  the  sub-transition  xn 
sitailar  systees.  It  is  shovm  that  turbidity  peasureaents 
provide  a  sicplc  lacthod  of  studying  the  sub-transition  and  we 
have  investigated  the  effect  of-ciagnetic  fields  on  this  phase 
change.  We  have  found  that  the  change  in  light  scattering 
at  Ts  is  enhanced  by  applied  nagnetxc  fields  of  about  I  Tesla 
The  joagniCude  of  the  field  enhanceoent  is  siailar  to  that  ob¬ 
served  at  the  lover  and  eain  transitions. 

The  study  is  being  extended  to  investigate  the  angular 
distribution  of  light  scattering  to  provide  oore  dccailcd 
infonaation  on  the  nature  of  these  oagnetxc  field  effects. 
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KtSPUHSE  OF  C3H/10T1/2  FIOROBLASIS  TO  M  tlTERJIM.  tlKTRTC 
FUIO  -  REORieUIATION,  COM  A  RECEPTOR  AMO  ItITRAMEMBRAMOUS 
PARTJCEE  OISTRIBOTTOM  AMO  CYTOSXEEETOM  REOROAUilATlON. 
SeIMJenjtui .  «e(-Pi09  Ying  and  Edward  K.  flnuna,  BToohysTcs 
Oepartnent,  Roswel)  Part;  Mcnorlal  Institute,  Buffalo,  New 
YoA  14263.  U.S.A. 

C3H/li)Tl/2  nouse  OTbiyo  fibroblasts  wore  stlnulated  V 
a  steady  electric  field  ranplnj  up  to  15  V/e«i.  The  cells 
becane  spindle  shape  and  orientated  with  their  lowi  axes 
perpendicular  to  the  field  direction.  Correlative  fluores¬ 
cence  and  scanning  electron  nieroscopy  revealed  no  differ¬ 
ence  In  the  density  of  Con  A-gold  nicrosphere  labels  on 
either  side  of  the  cell.  The  denslv  of  Intrancnbranous 
particles  on  the  E-face  of  the  plasru  netbrane  was  54B 
higher  on  the  anode  side  than  on  the  cathode  side  of  the 
cell.  Herbrane  potential  reasured  by  carboeyanine  dyes 
dlolnlshed  unifomly  and  reversibly  with  electric  field 
stloulatlon.  The  Inaunofluoreseence  labelled  olcrofllanont 
bundles  were  disrupted  after  30  ninutes  of  10  v/cn  stinula- 
tlon.  The  cell  sensitivity  to  electric  field-induced 
reorientation  and  cell  shape  changes  was  reduced  by  pre- 
treatrent  with  Con  A,  and  to  a  lesser  extent,  with  succinyl 
Con  A  or  VOA.  Con  A  pretreatnent  alone  also  reduced  the 
proolnence  of  nlcrofllarent  bundles.  It  Is  possible  that 
tl.e  qenerally  flat  lOTl/2  cells  retract  and  realign  In 
order  to  nininlae  the  disruption  of  their  neobrane  poten¬ 
tial.  The  Con  A  binding-nediated  receptor-cytoskelctal 
linkage  tcoporarlly  Imnoblllzes  the  cell  and  Inhibits  sub¬ 
sequent  field-induced  shape  changes. 
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THE  ELECIBODICHROISM  OF  PURPLE  HE.MDRANE  SALT  CON- 
CENTRATIOS  DEPEIIBEIICE 

B.  Papp  and  G.  Frlcsovsiky,  Dopartaent  of  Atoato 
Physics,  EStvBs  University,  1088  Budapest,  Puskln 
■J.  5/7  Hungary 

The  dichrolsa  of  purple  soabrano  suspension  was 
Measured  In  dc  and  ac  electric  fields.  Fro*'  those 
ecasufenents  three  paraactors  can  be  obtained:  the 
oeraanent  dlpolo  aonont,  u,  the  electrical  polarl- 
aablllty,«,  and  the  retinal  angle  The  functlcnal 
iependcnce  of  the  dichrolsa  on  the  electric  field 
Is  analyzed.  There  is  a  snail  decrease  (— 3°1  In 
retinal  angle  going  froa  dark  adapted  to  tho  light 
adapted  fora.  No  aoasurablo  difference  In  ^,Kand 
d  was  found  under  tho  photo  cyolb. 

The  dichrolsa  was  noasured  in  two  different 
salt  solutions  (XCl  and  Caclo)  In  the  range  O-TOaH. 
The  retinal  angle  Incroasos  froa  64°  to  68°  with 
Increasing  tonic  strength  going  through  a  nlnlnua. 
This  Is  attributed  to  the  changing  (decreasing)  Inner 
sloctrlc  field  In  the  acabranc.  Tho  polarizability, 
of,  consists  of  two  parts.  One  coaponent  is  related 
to  the  polarization  of  tho  purple  acabranc  and  tho 
second  coaponent  to  the  Ionic  cloud.  Tho  second 
poaponent  decreases  with  ion  concentration  ap- 
proxlaatcly  as  k”'*  (tC  Is  the  Debye  paraaotcr)  In 
xgrccnont  with  a  aodel  calculation  for  tho  polari¬ 
zation  of  the  Ionic  cloud.  Tho  origin  of  the 
slightly  Ionic  strength  dependent  peraanent  dlpolu 
soaent  Is  not  wall  understood. 


130 

THE  EFFECT  OF  ELECTRIC  FIELD  DURATION  ON  THE  ACTIVATION 
ENERGY  FOR  IONIC  CONDUCTANCE  ACROSS  MEMBRANES  M.A.  Dinno. 
Biophysics  Laboratory,  Departsenc  of  Physics,  Urilverslty  of 
Mississippi,  University,  MS  38677,  USA. 

Studies  of  ion  transport  across  biological  aenbrancs 
often  rely  on  the  ecasurcaents  of  electrophysiologtcal  para- 
recors  of  tho  acabranc  under  investigation.  One  of  theso 
puraactors  Is  tho  ionic  conductance  (C>.  In  its  acasurcacne 
as  AI/AV,  an  RC-iiko  behavior  Is  usually  observed.  This 
behavior  could  be  explained  by  changes  In  charge  density 
across  the  electrolyce/acabrane  Interface,  polarization  eafs, 
etc.  However,  Its  effect  on  Ion  transport  kinetics  is  not  ^ 
very  clear.  In  this  investigation,  the  activation  energy 
for  ion  conductance  across  the  frog  gastric  aucosa  was 
studied  vlth  current  pulses  of  different  durations  (t).  It 
was  found  that  Eq  obtained  froa  Arrhenius  plots  (In  (dl/AV)^ 
vs.  1/T)  was  significantly  reduced  with  longer  pulse  j^ura- 
tlons.  £^OCO«cc  »  14  +  0.8  kcal/aole  coapared  to  * 

7  +  i,7  kcal/solc.  The“addltlon  of  agents  that  alter  ion 
transport  characteristics  aanlfested  asyaaetric  ionic  conduc¬ 
tances  (rectification)  In  the  presence  of  hyperpolarizing 
vs.  depolarizing  fields  of  long  duration.  Thus,  different 
activation  energies  were  dcteralned.  These  results  help 
in  understanding  soac  of  the  underlying  aechanlsas  for  the 
effects  of  ssall  currents  the  rate  of  biological  processes 
(Supported  by  ONR  NOOD14-'.  C-066}) 
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ELECTRICAL  HEK0LYS2S  A!T>  LESEALXNO  Oy  RED  BLtOL  CELLS 
7RCX  DXFFERENt  lUKMALlAH  SFECXE3 

P.C.  Manual  and  Xusua  Cr.ver,  Pet'^rteent  of  Biop'./aics, 
Panjab  Unlvorsity,  Chandir^arh  IG'  014,  India. 

The  effect  of  sztornaX  nle''tric  field  .-n  tb'  f«ji 
cell  Rcsbrane  or  six  v-a  naliau  opeeios  haa  Icon  (\vXv>av 
in  terra  of  hesoiysia  anJ  roii^oailrwt  'hnra‘*t*>rintic.>  3 
thesRL  cells.  pulco  (xm  1Q;as)  fo-  oni't 

of  hecolveln  in  ronkr*,  a^oep,  r^t,  ra>blt,  F*cur«*  .t. 
huron  ex-ythrecYtoa  In  found  »o  be  j,),  '.G,  '.i, 

3.0  and  3.0  kV/cn  rssroctivf  Iv,  Takir.0  iDto  evrsHe-nt- 
lon  the  'U'i*’<tfr  of  *Kr-  re^  blooii  cellR  *'*  Uc 
different  specl'‘»  %nd  ngir  Lsplne^^  »*evntlon,  the  'resJe- 
dovn  foteniinl  ec^oas  those  cells  coaea  to  be  1.90,  1.00, 
1.60,  1.40,  1.4G  and  1.66  voita  reapeetlvely.  It  is 
different  for  different  ai’^erles  indicatlru;  that  tha 
breakdown  potential,  in  addition  to  tho  dxoa«t*^r.  atpoada 
on  other  propertied  llxs  I'iolectric  constant  ard  .ntr- 1- 
aio  elastio  constant  of  the  ceabrane  whtch  are  li«'ely 
be  different  for  different  apecies.  The  "^Itage  fo; 
Iv'aolyQls  la  found  to  be  4.95»  *.3»  o.C*  ar<* 

3*93'HV/ca  for  nonkey,  sheep,  rat,  rabbit,  rouse  ana 
huean  erythrocytea  reapeetlvely.  Graphical  snalyaia  of 
the  data  ahova  that  the  rata  of  hesolyala  is  naxloua  for 
BOskey  ar«i  alnlauB  for  rat  arythrocytaa.  The  rosaallng 
haa  been  studied  at  15  hra  after  pulsing  and  It  it  obae- 
rved  that  eeallnc  la  in  all  tbs  species  except  in 
Bonkey  erythrocytes  wnere  the  CBZisua  loaa  hosoglobln 
ia  found  to  be  about  These  results  are  discussed 
in  tarss  of  the  electro-Btchanical  aodel. 
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ENSRGETrC.  EVALUATION  OF  GRAVIOSMOTIC  MEMBRANE 
SYSTEM 

S.  Przestalski.  Mi  Kargol,  OopartBcnt  of  Physics 
and  BiopH^y3ic8i  Agricultural  Unlveralty,  v/roclaw 
and  Oepartaent  of  Physics,  Technical  University, 

Kiolco,  Poland. 

A  QultlnoDbrane  isodel,  foralng  tho  basis  of 
the  graviosmotic  hypothesis  of  water  transport 
In  the  xyleo  tracheal  eleDents,  can  be  analyzed 
and  evaluated  with  respect  to  energy'by  using  tho 
oethod  ^introduced  by  one  of  us'.  For  a  single  gra- 
vlosRotic  systen  driving  water  against  external 
pressure  ^P-'ono  can  deteraine  energetic  effi¬ 
ciency  of  the  graviosootic  process 

whore  expresses  useful  power,  -  dissipated 
power  in  the  pores  of  the  aeabranes,LBL^L2/(t.i«L^ 

1*1, L2  -  filtration  coefficients  of  Both 
nenbranes,  respectively,  ly  voluae  flux.  The 
obtained  expression  allows  a  detailed  analysis 
of  energetic  potential  of  the  given  graviosootic 
systeo. 
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DiBi^(n''ac  of  A.  iS/J) 

ORO'J#  T  'iifi'i  x>  I  rci?tscTOi::jTnf. 

,  .  .  .chtuoto^  ftl.  In  b.  Ya^hara  and  b. 

Masniso,  Lab.  of  phycice,  !\.c.  of  Gen.  Bducation,  Sioua 
d.iv.,  bhin- saua-kuy  Tokyo  142,  Ja;>an+  and  Dept,  of  Phys¬ 
ics,  ?ac.  of  bolc'ico,  Tokai  Jiiv.,  ’{Irals  Jcu-cbi,  Kanjiga- 
uc  259-12,  Jap*r.. 

OloJoctrlc  reLccatioo  Reasarcaents  over  a  froqaency 
FU.iS^  1  Wlz  to  10  GHz  vero  -.orforac-d  on  dipal»i*oyl 
pl«>c:‘m.tidylCiU>lan8(;>l-PC),  ©cc  lecithin,  -)hOLj-hatiu^i 
ethcnol&i:ins,  and  sphingo^elin  In  chlorofoxti  solution 
At  25^0  0/  ucii^  a  tiae  donain  roflecto»otry(?DH)  sothod. 
Three  2Ml(txat5on  processes  vfcre  found  in  DFPC  ,  ecc  leci¬ 
thin  and  phos^.hatidyl  etb'dnoXaalne,  but  tvo  roifocation 
processes  vero  found  in  sphingouyeiin*  The  first  'x’laxc- 
tion  peck  ooserved  in  DVIC  at  about  0»1  GHs  can  le 
attrlWted  to  an  ove2>all  rotation  of  lecithin  aolocule. 
Tho  reliouitlon  tiae  estiaated  froa  the  over-all  rotation 
of  ellipsoidal  nolccule,  size  of  which  lo  no^ly  the  suae 
as  lecithin  aolec^le,  agz^es  well  with  the  observed  one. 
Tho  socend  relaxation  peak  at  about  0.5  GHz  can  ho  due 
to  action  cf  the  flexible  svitterlons  in  the  lecithin 
head  /rrovp.  Tho  third  peak- at  about  3  GHz  oan  be  asoi^cd 
to  an  orientation  of  ester  group  in  tho  head  group. 

These  rooults  cuggest  strongly  that  internal  actions  in 
the  head  group  occur  even  in  the  lipid  neabrane. 
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ICNIC  CCNTfOL  OF  MAKKALIXM  CELL  ELECTRDFUSICM 
Blangero  C.  Teissid  J.,  Bioehlaie  et  Cdndtique  cellulalres 
du  C.N.R.S.,  31062  Toulouse,  Franco 
Electrofusion  la  a  very  effective  teethod  to  obtain  cell 
hybrldlzatlor..  During  the  last  few  years,  our  laboratory 
has  developped  an  original  techniguc  under  conditions  where 
the  cmtact  between  cells  is  spontaneous.  DC  electric  pulses 
are  applied  directly  to  a  culture  growing  In  aonolayers  on  a 
culture  flask.  Khen  the  density  is  high  enough,  contact  oc¬ 
curs  between  the  cells  giving  the  so-called  contact  inhibi¬ 
tion,  The  advantages  are  that  the  cells  are  not  treated  by 
any  exegeneous  agent  and  that  the  pulsing  eedlua  is  buffered 
end  contains  ions.  Its  Ionic  content  appears  critical  for 
electrofusion.  An  Increase  in  aonovalent  ion  content  (Ka'*', 

K*,  Moline,  Li'*‘)  induces  a  strong  decieaso  in  the  fusion 
yield.  This  effect^s  less  pronounced  with  Lr  than  with 
the  other  ions.  Kg^,  when  present  at  low  concentration 
(less  than  $  bM),  Is  a  prcooter  but  prevents  fuslon  at  higher 
concentration,  ca^^  inhibits  fusion.  These  effects  are  not 
due  to  a  change  in  the  cell  surface  electric  charge  as  shown 
by  nlcroelectrophorosls  experlacnts.  He  propose  that  the 
interactions  between  cells  are  aoduUted  by  the  ionic  content 
of  the  Bodlua.  Tho  behaviour  of  hg  is  explained  by  a  brid 
ging  effect  leading  to  a  closer  contact  between  cells.  At 
high  ionic  strength,  however,  tlto  lntorc«iUular  contact  is 
looser  due  to  the  electrostatic  character  of  the  interaction:;. 
These  change  would  prevent  Intercellular  aeabrane  caixlng 
following  electroperforation. 
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THE  ROLE  OF  Ca  BOUND  TO  THE  INNER  5ARCOLEMMAL 
SURFACE  IN  CARDIAC  EXCITATION-CONTRACTION 
COUPLING.  D.Nl.  Sers  and  P.  .Mansier,  Division  of  Biomedical 
Sciences,  Univ^sity  of  California,  Riverside,  CA  92^21.  USA. 

Ca  binding  sites  on  the  Internal  surface  of  cardiac  sarcolemma 
(SL)  could  be  involved  in  cardlac.E-C  Coupling  in  two  basic  ways: 
1)  They  could  provide  a  source  of  Ca  which  can  be  released  in 
response  to  membrane  depolarization  to  activate  contraction 
(Lullmann  and  Peters,  Prog.  Pharmacol.,  2:1,  1979).  2)  They 
:ould  buffer  the  Increase  of  { Ca ).  produced  by  Ca  influx  and  SR 
Ca  release.  These  possibilities  have  been  directly  evaluated  by 
the  measurement  of  Ca  binding  to  isolated  cardiac  sarcolemmal 
vesicles  which  are  primarily  inside  out.  Ca  binding  was  measured 
as  functions  of  (Ca)  (100  n\\  -100  UM),  pH  (6.7  -  S.O)  and 
membrane  potential  (Em  >  -40  to  *40  mV  generated  by  (K) 
gradients  and  valinomycin).  At  pH  7.4,  (Cal  ■  12S  nM  changing 
Em  by  SO  mV  In  the  direction  analogous  to  action  potential 
depolarization  changes  Ca  binding  from  1.06  ♦  0.13  to  0.96  ^  0.03 
nmoles/mg  protein  (I  nmol/mg  SL  protein  -  1.7  u  mo!e/kg  wet 
myocardium).  This  would  have  no  significant  effect  on  contrac¬ 
tile  activation,  Whenf  Ca)  Is  Increased  from  123  nM  to  3  uM 
with  Em  ■  0  bound  Ca  Increases  from  ().90  ♦  C.OS  to  2.2!  ^  O.IS 
nmol/mg  and  Is  still  relatively  unaffected  by  Em.  Thus,  Ca 
binding  to  these  internal  sites  would  provide  some,  but  only  weak 
buffering  of  (Ca) ,  during  a  cardiac  twitch.  These  high  affinity 
Ca  binding  sites  do  not  appear  to  be  potential  dependent  and  It  is 
unlikely  that  depolarization  during  the  cardiac  action  potential 
causes  to  be  released  from  the  internal  sarcolemmal  surface. 
More  likely  Is  that  these  binding  sues  weakly  buffer  myoplasmic 
(Ca  )  transients. 
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PULSE  IMPEDAMCE  telHOD  FOR  DETERMINATION  OP  THE 
CONDUCTIVITY  AlH)  THE  CAPACITY.  OP  ERYTHROCYTES 
MEMBRANE  M.S. Markov. D.L.AbadRieva,  Department  of 
Biophyelcs , Biological  Faculty, Sofia  Unlveralty, 
Blvd.D.Tcankov  8, Sofia  1000, Bulgaria 

The  pulse  Impedance  method  has  oeen  applied  foi 
determination  of  the  passive  electric  properties 
of  the  living  cells. A  comparison  between  clsslcal 
method  of  Cole-Cole  and  pulse  impedance  method 
has  been  made. The  equivalent  circuit  of  some 
different  by  their  complexity  blologlesl  systems 
have  been  constructed. Passive  electric  properties 
(conductivity  and  capacity)  of  human  red  blood 
ceil  membrane  have  been  determined  in  norme  and 
under  the  influence  of  physical  and  chemical 
factors. 

It  has  been  establlahed  that  under  constant 
magnetic  influence  both  capacity  and  conductivity 
wore  changed  depending  on  the  value  of  magnetic 
induction. 

Protamln  and  Heparin  (applled)as  chemical 
factors)  also  leads  to  changes  in  investigated 
parametsra.Tho  changes  ware  more  significant  when 
Protamln  was  applied. 


138 

NEGATIVE  HVDROAIRION  fcPPECTS  OH  .WATE  OF  MITO¬ 
CHONDRIA  AND  STRUCTURE  OF  WATER 

M. N.Xondrashova,  E.V.Criqorenko.  A.V.Tcmnov, 
A.M.Babsky,  E.D.Okon,  A. A. Platonov.,  l.Protasevloh. 

N. G. Esipova.,  Inst.  Biol.  Physics,  Acad,  of  Sci. 
USSR,  Pushchlno,  .Inst.  Molecular  Biol.,  Acad,  of 
Sci.  USSR,  Moscow,  USSR 

The  influence  of  light  negative  hydroalrions, 
1.0.  -OH  separated  from  H'*'  on  Isolated  mitochon¬ 
dria  <M)  wau  Investigated.  Tho  wonderful  and  unique 
effect  was  revealed  consisting  in  rapid  reversion 
of  damage  of  M  during  storage  (aging)  or  its  pre¬ 
vention.  It  is  due  to  support  the  natural  ability 
of  H  to  foiA  associations  connected  with  Improve¬ 
ment  of  ADP  phosphorylation  and  of  Ca^'*'  output.  The 
latter  induces  membrane  hypcrpolarisation  and  rise 
of  restoration  processes,  which  nay  provide  liydro- 
alrlon  Ihorapoutio  activity.  Tho  effects  observed 
are  explained  by  decrease  of  high  local  positive 
membrane  charges  typical  of  pathology.  -OH  effects 
arc  revealed  distinctly  in  M  isolated  by  our  mild 
method  providing  conservation  of  natural  ability  of 
M  to  form  association  in  cell  (natural  M) ,  Effect 
of  -OH  flow  is  reproduced  by  tho  action  of  water 
previously  saturated  with  -OH  i:i  buffer.  -OH  indu¬ 
ce  cooperative  formation  of  structures  in  water 
connected  with  decrease  of  free  positive  ions.  It 
may  bo  concluded  froa  alcalino  shift  of '  iionbuffercd 
water.  Increase  of  its  calorific  capacity  and  de¬ 
crease  of  surface  tension. 
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COHDUCTANCE  Allfa  CAPACITY  OF  THE  XENOPUS  EGC 
KEKBRAHE  DURIHG  ACTIVATIC!! 

A.  Peres  and  G.  Bernardini,  Dip.  Fislologia  e  Bio- 
chinica  Generali  and  Dip.  Biologia,  University  di 
^U.lano,  Via  Celoria,  26,  1-20133  Hilano. 

Ve  have  voltage-clacped  Xenopus  eggs  to  iseasure 
the  rsenhrane  capacity  and  ionic  conductances  during 
activation.  Two  currents  develop  after  pricking  or 
10  uM  A231§7  in  1/10  Ringer:  an  inward  current  car-^ 
ried  Cl“  and  an  outward  current  (mostly  carried 
by  Ha  )  which  develops  when  the  nenbrane  potential 
is  over  about  ♦  20  nV.  Both  currents  disappear  af¬ 
ter  3  to  ^  nin  though  with  different  tine  courses. 

The  nenbrane  capacity  of  the  unactivated  eggs  ran¬ 
ges  between  50  and  60  nP;  during  activation,  it  in¬ 
creases  by  about  6o  %  and  then  slowly  declines  to¬ 
wards  the  initial  value.  Electron  nicroscopy  obser¬ 
vations  show  that  this  tine  course  parallels  the 
cortical  granule  exocytosis  and  the  related  changes 
in  nenbrane  area.  Sinuitaneous  neasurenents  of  con¬ 
ductance  and  capacity  show  that  the  capacity  tine 
course  is  delayed  with  respect  to  that  of  the  Cl“ 
conductance.  Experiments  on  CO^  treated  eggs  show 
that,  upon  activation,  no  capacity  changes  occur 
while  the  Cl“  current  develops  normally.  These  re¬ 
sults  are  against  the  possibility  that  the  Cl* 
channels  are  introduced  into  the  surface  nenbrane 
by  means  of  cortical  granules  exocytosis.  Conpari- 
sor.  between  the  capacity  changes  and  the  outward, 
voltage-dependent,  current  is  under  study. 

_ 

PenKdtion  and  transport  of  alkali  Mtal  ions  in  huasn  ery¬ 
throcyte  neebrane  in  noreal  and  hotaoxygous  ^-thalasseDic 
state  -  A.Bonineontro*,  C.Caaetti*,  A.Rosi',  L.Sportelli^. 

*Dtipt.  of  Phys.  Univ.  Ro^  -  Mnst.  Sup.  Sanitli,  Rose  -  ^Oepl 
ol  Phys.  Univ.  Cosenza.  ' 

the  portMacion  and  the  transport  of  alkali  oetal  ions  across 
DCBbranes  of  huain  normal  and  ^-chalassetetic  erythrocyte 
cells  have  been  studied  by  means  of  radiovave  conductivity 
toeasuresencs.  the  model  eoployed  accounts  for  the  hydrophobi< 
region  of  the  aliphatic  hydrocarbon  chains  and  for  Che  polar 
head  region  of  the  ecebrane.  the  permeation  of  the  cations 
line-up  in  the  series  Ka*>  Cs^>  K*  and  Li+S  K< 

for  normal  and  pathological  ocebranes  respectively,  indica¬ 
ting  lipid-polar  group  interactions  with  a  partial  decrease 
of  Che  cransmeebraneous  protein  eoncentraticn  in  the  pathoio 
giesl  state.  These  indications  are  further  supported  by  ESR 
measurements  performed  on  the  same  samples.  Ko  differences 
for  Che  polarity  and  fluidity  of  the  oe&brane  at  the  two  pe¬ 
netration  levels  of  5  and  16  KSA  spin-labels  are  observed. 

On  the  contrary  internal  microviscosicy  measured  by  means  of 
tcopamine  is  affected  by  Che  different  cations  used,  shoving 
significant  differences  in  normal  and  ^-thalassemic  erythr^ 
cytes.  / 
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OEIi-UFIO  OOUAIH  AS  A  SOUIOH  OH  THE  PHASE  SEFA- 
RAIIOH  OP  LIPID  EILAYEH  UEHBRAHE. 

A«S.  PaB.yii)eOT.A.Y.  Al«k8eaV|  EadlospsctroBCopy 
Laboratory, Pacific  Oooanolo^cal  Inatltuto.Par 
Eaatem  Solonco  Contro.USSH  Acadoiiy  of  Sclsnooa 
Salic  Street,  YlaSiyoatok.  USSR. 

The  aine-Gordon  ondf'flold  aodole  of  order  pa- 
ranoter  on  the  phase  ooparatlon  gol-llquld  cryatal 
of  lipid  bilayer  neabrane  have  been  need  to  Invee- 
tlgate  gel-llpld  dooaln  dynaolce.  The  aodela  of 
Upid  bllayer  bavins  eoUtary  waves  (eollton)  ao- 
lutlons  are  dlscussod  In  details.  The  Interaotlon 
of  gel-Upld  domalna  with  the  protein  aolooulea 
of  Beabrane  aa  well  as  tho  external  driving  elec¬ 
trical  field  la  Inveatlgated  within  the  scope  of  ' 
aanysoUton  nonslnsular  perturbation  theory.  Tho 
aeahrane  protolns  trap  such  solltons  with  the 
oroatlon  of  gal-Upld  region  sround  the  protein 
sites.  Our  aodels  predict^  the  existence  of  the 
high  value  of  the  sponteneoue  electrical  polariza¬ 
tion  Pj~10**q/BB  In  theeo  regions.  The  conforaa- 
tlonal  Bodlflcatlon  of  protelna,  for  exaaple  enzl- 
aes,  cauaes  the  redlatrlbution  of  doaaln  density 
around  the  protein  sites  with  the  oleotroasgnetlc 
radiation  qf-doaaln  group  In  tho  freouenoy  b«id 
V'*!"'  -  10“  Within  tho  scope  of  nonlinear  aea- 
brar.e  aodels  we  are  now  extending  these  doaaln  ef- 
faota  for  the  aeehanlsas  of  ionic  transport  across 
biological  aeabranes, energy  transfer  between  the 
protein's  of  aeahrane  and  InteroelUng  Interaction. 
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ELECTKO-OPTIC  SHJDIES  OP  THE  ELECTRIC  FIELD  £P. 
rSOT  OH  MEMBRAHE  PROTEIHS 

S.P.Stovlov..  Dopartaant  of  Physics  and  Blophy- 
aics  at  the  Hadical  Acadamy,  1431  Sofia  and  Xn- 
stltu'ta  of  Physical  Chaal'stry,  Bulgarian  Acade- 
ay  of  Sciences,  1040  Sofia,  Bulgaria 

The  potential  of  olactxc-optlc  aethods  for 
studying  tho  effect  of  olectrlc  fields  on  tho 
dynaaics  of  aoabrano  proteins  are  illustrated 
on  the  qx^ple  of  tho  bacteriorhodopsin  and  the 
rhodopsine  respectively  in  purple  aeahrane  frag- 
aents  and  ‘disc  aeabranes.  Results  obtained  in 
the  auther's  laboratory  in  Sofia  and  froa  other 
authers  are  presented.  Possibilities  for  future 
broader  studies  in  this  field  are  considered. 
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EISCTR0KIN3TICS  AT  STRUCTURED  SURFACES 
E.  Dcpath..and  A.  Voigt,  Dspartaent  of  Blophysios, 
UuBDoidt-UQlverSlty,  Borlln,  GDR 

Assuaing  a  spatially  distributed  fixed  charge 

and  allowing  for  an  oleotroosnotic  flow  through 
this  layer  the  olectrokinotic  propertioo  of  a 
structured  Interface  are  calculated  both  in  an 
analytical  fora  within  the  linearized  Foisson- 
Boltzaann  approxiaation  and  nuaorlcally.  For  a  no* 
'del  of  charge  distribution  realizing  the  alnlaua 
of  tho  free  interfaoial  electric  energy  analyti¬ 
cally  the  nonlinear  solution  both  for  the  basic 
joleetrokinetic  values  and  for  the  surface  condue- 
Jtivlty  are  presented,  thus  ollowlng  the  interpre¬ 
tation  of  streaalng  potential  aeasureaents  as  well 
Coaparlng  this  theoretical  results  with  exoert- 
aents  the  electrostatic  interfaoial  propertlos  of 
|the  huaan  erythrocyte  and  the  glass  surface  ere 
jovaluated. 

[Preliainary  papers  have  boon  published  in  Blo- 
elootroohon.’tc  Bloonorg.  Zi  S'!  and  J.  thoor. 
piol,  101,  $69. _ 
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UtTECTICtl  OP  Citl  SVILIIM  BY  OPTICAL  TUhAEl  fiPfSCt 
M.>>arlngfll>,G.SoMzzola>G.CiOCchttt>.ii..Cojftte.A.Dd  N«rc-:x,0< 
honticcUt  and  A  Vratucco,  latitutv  dl  Fi8»ca  Suporzorc, 

Corso  M.D'AzegX&o  At,  Torino, Italy. 

The  optical  tunnel  effect  allova  the  oeasurei&ent  of 
a««tAnc«»  tvtveen  tvo  wedla  veparated  by  an  C{>ttcal2y  le»« 
d«n»e  ffedluj. .  Variations  of  atatanw  h  nan.^ 

neUr  can  be  detected.  A  general  theory  of  the  effect  has 
been  developed  in  order  to  design  different  experlncuital 
setups  for  biophyaUal  applications.  An  optimum  Agreement 
riaa  been  achieved  between  theoretical  and  experimental  data. 

A  first  attei^t  to  detect  the  awelllng  of  cells  In  eultable 
biological  saapies  has  been  perfomed. 
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catmL  OF  Ros  cnopuiaric  ca^*  er  cmp. 

John  S.  George  av3  Hark  W,  Bltensky,  Life  Selerces  Division, 

Los  aUssos  NatlMta^^Laboratcry,  Los  Alaxs.  Haw  Mexico  87f'<i5  ISA 
Cytoplaxslc  activity  (Acs)  appears  toaodulate  the  Kd** 
dark  cirrent  of  the  vertebrate  rod,  but  neehanljcs  controlling 
Aca  are  not  well  understood.  Ve  have  studied  Ca^  netabollsa  in 
preparations  of  isolated,  concentrated.rod  outer  segsents  (ROS) 
with  leaky  plassa  aenbranes,  ualrg  Ca^Z  and  pH  electrodes  to 
Bonltcr  -lon  activities  and  aeasurlng  ^Ca  partition  betv^ 
particles  and  suspending  atjuiious  Dcdlua.  Kitoehondial  Ca*^* 
transport-uas  Inhibited  with  ruthenlua  red  or2vlth  antiaycln  ar>d 
ollgcoycln.  Zn  the  dark,  ROS  disks  take  up  Ca^*^  by  an  ATP 
dependent  process.'  This  uptake  is  associated  with  a  rise  in 
si^^slcn  pH,  l.e.  protons  also  disappear  Cras  the  eedim.  Both 
Ca^  uptake  and  alkallnlzatlon  are  stiaulated  by  cCHP  In.the 
presence  of  ATP.  Dinltrophenol  inhibits  ATPjdependcnt  Ca^* 
u;^|ke  by  disks  and  releases  sequestered  Light  releases 
Ca"^  frm  dark  adapted,  preloaded  disks  •*  thousands  of  ions  per 
second  per  bleached  rhosopsin  at  low  light  levels.  A  weak 
c^tinucus  light  typically  releases  Or*  than  a  eixh  oore 
intense  flash.  Much  or  all  of  this  Ca'^'^  release  oay  depend  on 
the  hydrolysis  of  cCHP,  Under  conditions  of  low  ATP,  or  vhea 
phos^ndlesterase  (POE)  is  active  (e.g.  In  th^^llght)  addition 
of  cQIP.causes  a  fall  in  pH  and  release  of  Ca^  .  Stlaulatirg  POC 
In  the  presexe  of  cCMP  with  GppSHp*<»  or  protaaine  also 
provokes  release.  Thus  high  cOlP  levels  itlaulate  Ca^ 
uptake  while  cQlP  hydrolysis  releases  disk  Ca^^  by  another 
eechanisQ.  Our  data  suggest  the  possibility  that  both  processes 
eay  operate  by  exchange  of  for  H**  across  the  disk  aoabranc. 
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EFfSCTS  OF  VARYIhG  TKS  WJTtACTIVli  INOSX'  Ch  THE  StHIWCAL 
ABEIBATICN  0?  TOE  BYE  (COllWSH  SIKUIATIOi) 

M.A.  El  Heaalery  and  E.  El  Xaiftaany*  Dept,  of  HE^thenatica  and 
Bhyelca,  iuculty  of  £>igine«ringi  C&izo  Univer8ity«>  Egypt. 

Ihe  foraation  of  la^gea  on  the  retina  of  the  hunan  eye 
ia  ueually  believed  to  be  aaaociated  with  apherioal  abberat- 
ion.  thie  ooseluaion  conae  fron  aeheafttio  and  reduced  eye 
aodela.  In  this  paper*  thia  belief  la  queatloced  ty  taking 
into  eonaidezatioQ  the  fact  that  the  rei^active  index  n  of  the 
eye  lena  variea  froa  1.^1  in  the  innenoat  layer  to  1.386  at 
the  outeraoat  layer,  the  function  deacriblng  n  throu^out 
the  lena  ia  taken  aa  ^  ^  .. 

n(x)  -  1.3^  +  [l  -  Exp  («x)J 
where  x  ia  the  diatance  taken  froa  the  centra  of  the  lena* «( 
and  are  arbitrary  conatanta.  The  lena  itaelf  la  auMivld'* 
ed  into  OOO  concentric  layera  each  of  which  haa  ita  own  n. 

Ray  tracing  calculatlona  were  foUewed  to  obtain  the  iaage  of 
an  object  aitu&ted  at  a  fixed  diatance.  Since  theee  caicula- 
tiona  are  foraidable,  coaputer  aodalling  la  adopted.  A  soial 
of  the  eye  and  the  object  io  produced  to  eioulate  the  iaage 
foraation  on  the  retina,  the  reauUa  ahew  that  spherical 
aberraticn  can  bo  ainiaiaed  to  a  negligibie  Halt  >tten  optl- 
aua  valuea  of  oA*and  A  are  considered.  Koreoveri  the  iaage 
of  a  atraij^t  lice  object  ia  forced  aa  a  curved  line  on  the 
retina  and  inverted  by  180  degrees,  ths  aagnification  factor 
of  ths  eye  aa  a  whola  waa  fou^  to  ba  0.6. 
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INfPAftfO  SPECTROSCOPIC  STUDIES  ON  BACTERlCRHOtX^SIN  OiROMO- 
PHORE  MODELS 

R.  Stfuilftsky,  S.  Hligdrd,  A,  Kotyk,  faculty  of  Science, 
diaries  Uni^rslty,  Hlavova  2030,  Prague,  Czechoslovakia. 

Bactorlorhodopsln  chromophore  analogues  resembling  spec¬ 
trally  the  ground  and  the  K  states  of  the  photocycle  wore 
prepared  by  the  reaction  of  retinal  with  dlphenylamlne  or 
Indole  dorlvativos  (indoUno,  Indole,  3-/nethyl indole).  The 
prepared  compounds  reproduce  well  the  absorption  spectra  of 
Interredlatcs  of  tho  bacterlorhodopsln  photocycle  and  pro¬ 
vide  a  suitable  nodel  for  tho  studv  of  charge  delocalization 
induced  on  the  nitrogen  aters.  The  greatest  changes  in  the  IR 
spectra  are  found  Jn  regions  characteristic  for  N-H,  C=N' 
and  aldehyde  group  vibrations.  The  N-H  and  aldehyde  group 
vibrations  are  nissing  In  the  reaction  product,  the  C=C  vlb« 
rations  Is  shifted  to  lower  wavenuabers  by  40  cn"!  and  a  new 
band  characteristic  for  the  presence  of  a  C=N*  structure  o- 
volvos  in  the  1620  cn“*  region.  The  synthesized  products  are 
stable  only  under  acidic  conditions.  An  overlap  of  the  two 
connected  double-bond  conjugated  systems  Is  manifested  In  a 
downward  shift  of  the  C=C  vibration  as  well  as  In  the  down¬ 
ward  shift  of  tho  vibration  compared  with  compounds 
where  tho  (^4*  structure  Is  not  a  part  of  the  conjugated  or 
aromatic  rolety. 


154 

RECONSTITUTION  OF  ION  CHANNELS  FROM  FHOTORECEPTOR 
-  MEMBRANES  INTO  PLANAR  BIUVERS 

'w.Hanke  &  *U.B.Kaupp  #LehrstuhI  f.Zellphysiolosle, Univ. 
Bochua  and  $  FB  Biologic,  Abtl.Biophyslk,  Utvlv.Osnabrueck 
TWO  different  channels  froa  bovine  rod  outer  segsents 
have  been  Incorporated  Into  planar  lipid  bilayers  and 
analyzed  by  current  fluctuations  through  single  channels. 
One  type  of  chsnnel  ("sodlia  channel")  has  a  unit 

conductance  >A,»20  pS  and  is  highly  selective  for  Na**  over 
K"*"  ClOil).  The  other  channel  ("cationic  channel")  has  a 
unit  conductance A»U0  p$  and  the  selectivity  for  Na'^  over 
is  2:1.  Both  channels  are  not  peraeable  to  Cl*.  The 
opening  and  closing  events  of  both  channels  occur  in 
"bursts".  The  cationic  channel  Is  rapidly  activated  (<100 
ss)  by  changing  the  transaeabrane  potential  froa  0  sM  to  a 
sore  negative  value  (**30  aV)  and  Inactivated  within  5  see 
at  low  concentrations  of  Ca^*  (I  |iM).  The 

actlvatlon-lnsctlvatlon  behaviour  is  highly  dependent  on 
tho  concentration  of  free  calciup  In  the  ecdlua  and  the 
transaeabrane  voltage.  The  channel  does  not  inactivate 
after  an  activating  voltage  Juap  in  a  aedlua  that  contains 
2  aM  calclua.  The  acan  open  tine  within  a  burst  is  voltage 
dependent  (T  "35  »*  ®t  V»-50  aV).  This  channel  Is  also 
peraeable  to  Ions  (30  pS  at  75  aM  Ca"*^).  Moat  likely 
the  cationic  channel  originates  fron  the  disk  aeabrane. 
The  properties  of  these  two  channels  In  the  reconstitution 
expcrlsents  ara  coapared  with  tonic  conductances  that  have 
been  studied  by  other  techniques  In  vertebrate  rods* 
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cnjuaAR  KBawuas  keciatuk  pbitoal  icrizcwal  ceil  cw- 

FUN3.  M.  Ijufer  .nd  P.  S.lu,  Ncurci^hyslology  L>b, ,  Inse. 
Vcnewlsno  3e“  InvcsU9«Jores  Clcntlflois,  Ciiraaa. 
Venezuela, 

TTxi  electrical  ccvpllne  tiotwocn  hcrlzontal  cella  of  the 
tclcost  letina  i,  eodulatcd  by  dopaRiinC)  viUch  ia  present 
in,  and  liberated  froa,  intcipicxifora  aetocrino  ooUs.  the 
cellular  cechanisnn  sz^iatlng  tbe  dungca  in  coupling  were 
investigated  by  eoans  of  intracellular  IcntOFiioretlc  Injco- 
tlen  of  H  ,  ar,  C«P*.  tvm,  tciA  and  cwp.  Triplets  of 
ndoroolcctrodcs  were  used  to  record  voltages  in  two  neigh¬ 
boring  hoeizcntal  colls  of  the  isolated  and  perfused  retina 
of  Rxiorres  pli^crl,  to  inject  tho  agents,  and  to  pass 
current  pulses  in  order  to  evaluate  nrbrano  (M  and  cou- 
pUi^  (Pci  resistances.  Tho  roslstanocs  were  carputed 
using  a  redci  of  an  hexagonal  planar  resistive  network, 
cither  directly  or  frtra  a  cell  nttrix.  Control  injections 
were  n»de  with  ICl,  Trls  base,  polarity  Imerslcn,  Injcc- 
tlcn  and  recording  frera  the  sane  call,  and  using  three  in¬ 
dependent  nicrepipettes.  Intracellular  pll  redu^on  using 
different  proton  sources  leads  to  coll  mxxplingi  Ra  in¬ 
creases  slightly,  vp  to  2  tires.  He  increases  narbediy,  A 
to  20  tires  rore  than  Rs.  and  the  coupling  ratio  falls  rnr- 
kodly.  Injcctisn  of  cMP  also  uncaplcs  horizontal  cella; 
Ra  is  barely  changed  but  Pc  increases  3  to  6  tlrrs,  thilc 
no  effects  of  Intracellular  Cat+  Injection  were  observed, 
both  chelators  increased  cotpUng  thtou^  a  nartoi  teduc- 
tlcn  of  He  with  practically  i^l  effects  on  Ra.  The  effeor- 
tiveness  of  clerical  onpling  between  horizontal  cells 
appears  to  depend  open  intracellular  [il,  Ca^*’  and 
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SPECTROSCOPIC  PROOINP,  OF  ELECTRIC  POIEHTIM.S  OR  THE  PURPLE 
HERB  RARE 

B.  Ehrenberq.  Z.  Keirl,  Y.  and  L.H,  locw* 

Oept.  of  Physics,  Ban-! ';r.  University,  Raeat-Can,  Israel,  and 
•Dept,  of  Cheelstry,  SUNT  at  BInghaaton,  N.Y. ,  U.S.A. 

Fluorescence  and  resonance  Raaan  spectroscopies  of  two 
dye  Bolecules  were  eaployed  to  study  coeponents  of  the 
electric  potential  profile  across  the  purple  teabrane  frora 
saiobactoriu.  haiobio..  A  bentolhlaiole  styryl  dye  (l,V-638), 
whose  resonance  Raaan  spectrum  Is  sensitive  to  Its  aggregat¬ 
ion,  can  Boniter  the  Debye  layer  adjacent  to  the  surface  of 
the  reabrane  where  charged  side  chains  of  the  bactcriorhodop- 
sin  protein  aolecule  are  exposed.  Our  results,  which  coaply 
with  the  (R>uy-Chapnan  theory,  show  that  the  surface  charge 
density  on  the  eeobranes  is  A.A-IO-'-  charges/A',  and  it  in¬ 
creases  by  201  during  the  photocheaical  conversion  of  the 
pigacnl  to  the  K  species.  We  found  that  the  charges  are  loca¬ 
ted  at  the  cytopiasaic  side  of  the  oeahrane  and  aaount  to  2 
charges  per  pigrent  aolecule.  The  rereval  o(  the  retinal 
chroBophore  does  not  change  the  surface  charge  density,  thus 
secondary  chrcaophore-protein  interactions  do  not  extend  to 
the  surface.  Due  to  trans-Bc»branal  proton  puaping  during 
the  photocheolcal  cycle  of  bacterlorhodopsln,  a  cross  aea- 
hrane  potential  develops.  Using  a  fast  responding  styryl  dye 
Indicator  (RH-ltO),  we  could  follow  the  evolution  of  the 
potential  in  a  flash  photoaetric  experlrent  by  aonltoring 
the  fluorescence  Intensity  of  the  dye.  The  foraation  half 
tire  of  30  ws  is  faster  than  ths  fomitlon  of  tho  H  Inter- 
aediate.  Thus  deprotcoatton  of  the  Schtff  base  botvl  In  the 
protein  which  precedes  fomstion  of  H  could  be  the  trigger 
for  proton  transoort. 


Thursday  02  August  Congress  Centre-First  Floor  Posters  1 57-1 62 

Posters  on  Photo  and  AuditoiV  Receptors 


157 

FLUORESCENCE  OF  EUGLENA  PHOTORECEPTOR  PIGKENTS:  AN 
"IN  VIVO*  HICROSPHROSCOPIC  STUDY 
F.Giiettj.  G.Coloabctt) ,  F.lencf,  C.N.R.  Istituto  <Ji  Blo«- 
sJca,  Via  S. Lorenzo  26,  Pisa,  Italy  and  H.Quagtia,  E.PoIac- 
"co  and  E.Cainpani,  GNEQP  and  istituto  dl  Flsfca  Umyers1U» 
P.zza  TorrIcelH,  Pisa,  Italy, 

We  have  developed  a  tunable  dye-laser^nicrospectro- 
fluorcaeter,  in  order  to  investigate  ihe .spectroscopic 
properties  of  the  photoreceptor  pigments  of  the  green 
unicellular  flagellate  Euglena.  The  “in  vivo*  fluorescence 
excitation  spectrum  has  been  detcraihed  and  is  reported. 
The  fluorescence  quantum  yield  has  been  measured.  The 
results  show  that  fjavins  are  the  photoreceptor  pigments 
In  Euqle'na  and  that -the  primary  molecular  photoreactions 
occur  at  a  high  rate  starting,  most  probably,  from  the 
first  excited  singlet  state. 
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A»  ALL05TCRZC  MOCCL  fOR  OACTCRIAL  CHEMOR£C£?TOR  PROTEINSi 
ROI£  OP  WLTIPir  .MEHlYUiTIOM  S.  Asakura  t  ».  Honda,  Inst, 
of  Hoi.  Biol.,  Sch.  of  Scl.,  Hagoya  Untv.,  Kagoya,  Japan 

To  ci^lain  bacterial  excitation  and  adaptation  daring 
^cMtaxls,  we  propose  a  aodoL  for  receptor  proteins  (HCP*s) 
in  light  of  evidence  that  they  are  multiply  methylated  in  a 
preferred  order.  Ihe  eodol  consists  of  the  following  as- 
sucptlons.  1.  The  receptor  protein  is  in  rapid  equllibrlun 
between  two  conformations,  S  and  T,  and  the  equilibrium 
shifts  towards  the  T  fora  as  the  nusber  of  sethyl  groups  in¬ 
creases,  2.  Attractants  bind  to  the  S  fora,  repellents  bind 
to  the  T  fom,  and  both  classes  of  ligand  shift  the  S/t  cqui- 
llbriua,  3,  The  $  fora  accepts  aothyl  groups  in  an  order, 
while  the  T  fora  releases  them  .in  the  reverse  order.  Those 
reactions  arc  slow,  and  changes  in  the  nusber  of  methyl 
groups  lag  behind  shifts  in  the  S/T  equllibriuB,  4.  The 
frequency  of  bacterial  tuabling  is  a  monotonlcaUy  increas¬ 
ing  function  of  the  T  fraction  of  the  rc^ptor.  This  model 
shows  that,  if  the  receptor  satisfies  two  sots  of  conditions 
ieposed  on  its  equilibrium  and  kinetic  constants,  it  can 
tuiintain  the  steady-state  T  fraction  virtually  constant  over 
a  vide  range  of  ligand  concentration,  allowing  the  cells  to 
adapt.  A  stepwise  change  In  concentration  leads  to  a  rapid 
change  in  the  T  fraction  (excitation),  followed  by  a  stew 
relaxation  (adaptation) ,  Corputer  sitrulations  have  been 
made  of  the  whole  response  process,  employing  the  receptor 
with  6  mothylation  sites/aoleculo  and  assuming  sirple  sets 
of  parameters.  The  results  show  that  multiple  methylation 
of  the  receptor  is  necessary  for  the  cells  to  respond  sensi¬ 
tively  to  environmental  changes,  and  to  adapt. 
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’CHANGES  OF  FLAGELLAR  BEATING  FREQUENCIES  OF  PHOTOTACTIC 
HICROORGANISHS  IN  RESPONSE  TO  LIGHT  FLASHES, 
f.  Anueltnl,  C.  Ascoli,  C.  FreUIanI  and  0.  Petraccht,  Istltu* 
to  dl  Blofisica,  C.N.R,,  Via  s.  Lorenzo  26,  Pisa,  Italy. 

Light  scattared  froa  optically  not  spherical  nlcroorgan- 
Isos  Is  anlsotroplcally  distributed  around  the  Incident  teas 
and  Its  Intensity  depends  on  the  cell  body  orientation. 
Flagellar  beating  Induces  vibrations  of  the  cell  body:  there¬ 
fore  the  light  scattered  froa  a  suitaing  alcroorganisa  re* 
suits  to  be  modulated  at  the  flagellar  beating  freguency.  The 
spectral  analysis  of  the  photocurrent  elicited  by  the  light 
scatUred  free  a  population  allou  us  to  aeasure  the  flagellar 
beating  frcguency  distribution.  This  technique  was  firstly 
used  with  a  laser  as  light  source  (Ascoli  etal.,  Blophys.  J. 
24,  585,  1978):  here  an  ordinary  Infrared  source  Is  used  with 
an  experlnental  set  up  which  takes  advantage  of  the  aniso¬ 
tropic  scatterIng.Translent  changes  of  flagellar  beating  fre- 
quency  In  response  to  flashes  of  white  light  are  .easured  in 
saaples  of  A'<znMWo«An<  fluviilia.  An  Increase  In  flagellar 
beating  frequency  occurs  when  the  dose  (light  Intensity  x 
flash  duration)  Is  sufficient.  The  reciprocity  between  light 
Intensity  and  flash  duration  holds  for  durations  not  exceed¬ 
ing  60  i  100  as,  for  lower  doses  a  blaodal  distribution  of 
flagellar  beating  frequency  Is  observed.  No  effect  is  ob¬ 
served  for  very  low  flashes  nor  for  red  light:  green^llght  on 
the  contrary  is  effective  In  deterainlng  the  Increase  of 
flagellar  beating  frequency.  A  detailed  analysis  of  spectra 
allows  US  to  deteralne  characteristic  tines  of  the  phencoenon 
and'to  draw  out  suggestions  about  the  cechanlsa  of  sensory 
transduction  In  rJwrfalfe- 
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SURFACE  PRESSURE,  SURFACE  POTENTIAL  A.ST)  LLLIPSOMETRIC  .MEASU¬ 
REMENTS  OF  ROD  OUTER  SEC.MENT  DISC  ‘ME.MBEASE  COMPONENTS  AT 
NITROGE,M-WATtS  INTERFACE. 

C.  Salessf.  D.  Duchatac,  R.M.  Leblanc  and  F.  Boucher,  Centre 
de  recherche- en  phocobiophysique,  University* du  Quebec  a 
Trolft-Rivlcres,  Trois-Rlvlcrcs,  Quebec,  Canada. 

Surface  and  ellipsoaetric  aeasureaents  o£  rod  outer  se^- 
Bcut  (ROS)  disc  membrane  components  and  intact  discal  membra* 
nes  at  nitrogen-water  interface  have  been  perforaed  to  aodel 
the  photoreceptor  membrane  and  to  investigate  the  rhodopsin- 
phospholipld  interactions.  The  surface  pressure  Isotherms  of 
^^ROS  ^  large  variation  in  the 

percentage  of  polyunsaturated  fatty  acids  from  one  phospholi¬ 
pid  to  the  other  (36-801)  yielded  a  little  variation  in  the 
corresponding  apparent  limiting  area  (72-75  per  molecule). 
Furchensore,  ue  found  that  the  ellipsometric  and' surface  po¬ 
tential  Isothenas  of  these  ROS  phospholipids  were  similar. 
Therefore,  the  film  thickness  and  the  dipole  moment  of  each 
ROS- phospholipid  present  a  similar  behavior  during  the  surfa¬ 
ce  pressure  measurements.  The  analysis  of  these  isotherms 
reveals  that  ROS  disc  membranes  must  be  highly  fluid  and  al¬ 
low  molecular  movements.  Besides  this,  the  discal  membrane 
compression  and  decompression  isotherms  shoved  a  large  hys¬ 
teresis  effect  which  can  be  explained  in  terms  of  rhodopsln- 
phosphoXipid  interaction  since  no  such. effect  is  observed 
with  the  phospholipids  alone  neither  with  the  whole  ROS  disc 
lipid  extract  or  with  purifledrhodopsin  in  Triton  X-IOO.  Ve 
are  now  extending  our  work  to  look  at  the  pure  rhodopsin  and 
rhudopsln  mixed  with  each  ROS  phospholipid. 
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FREE  EXT.R acellular  (Ca'*)  AT  PHOTORECEPTOR  LEVEL 
MEASURED  WITH  CALCIU.M-SELECTIVE  ELECTRODES  EjUALS 
THAT  IS  THE  VITREOUS  IN  PRCO  AND  CARP  ETES 
X.  Katla  and  J.  Volplo,  DapL.  Zcolojj,  Div.  Physio¬ 
logy.  University  of  Hel.ainki,  Helsinki,  Finland. 

The  extraoellular  Ca^*  concentration  is  kKown 
to  have  a  strong  influence  on  the  function  of 
photoreceptors,  but  there  Is  no  Inforeation  avail¬ 
able  on  the  (Ca^fi^in  the  subretinai  space  sur¬ 
rounding  the  receptors  in  vivo.  In  this  context  it 
is  of  interest  that  the  subretinai  space  is  distal- 
ly  bounded  by  the  retinal  plgaent  epltheliun  IRPS). 
an  ion-transporting  "tight"  epltheliun.  Sln.;le- 
and  double-barreled  Ca‘*-selective  electrodes  con¬ 
taining  the  neutral  ligand  ETH  1001  in  a  PVC-gelled 
sensgr  were  constructed  to  seasure  the  subretinai 
(Ca'^  l^ln  opened  exelsed  eyes  of  frogs  and  carps. 
The  results  obtained  with  the  single-barreled 
electrodes  were  interpreted  on  the  basis  of  parall¬ 
el  recordings  nado  with  conventional  KCl-filled 
nlcroslectrodes.  The  tips  of  the  electrodes  were 
localized  Ly  voltage  drops  related  to  current  puls¬ 
es  (15-20  UA.  400  os)  passed  radially  through  tne 
preparation  by  neans  of  oacroeleetrodes.  using  the 
high-resistance  RPE  as  a  landoark.  The  results 
indicated  a  subretinai  Ca‘*  concentration  very 
close  or  identical  to  that  prevailing  In  the  vit¬ 
reous,  1.0  -  1.1  oM  (na28)  in  the  frog  retina  and 
1.2  -  1.4  oM  (ne22)  in  the  carp. 
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STUDIES  OF  LONG-LIVED  PHOTOPRODUCTS  OF  FROG 
RHODOPSIN.  K.AZUMA  AND  "M.AZUHA,  Dept.,  Biol., 
Osaka  Med.  Coll,,  Takatsukl,  Osaka  and 
Health  Sci,,  Osaka  XyoikuVntv.,  Tenno}l-ku  , 
Osaka  .Japan 

Long-lived  Photoproducts  of  frog  rhodopsin  |Rh) 
in  isolated  retina  and  dtgitonln  solution  have 
been  investigated  by  spectroscopy  and  their 
chroaophotes  have  been  analyzed  by  high-pressure 
liquid  chroaatography.  By  irradiation  (>  560  nol 
at  1°C,  nctarhodopsln  III  (Hllll  and  a 

photoproduct  analogous  to  Hill  are  fortied,  whose 
chrenophores  arc  dcteralned  as  all-trans  and  7-cla 
retinal  respectively.  The  latter  photoproduct  17- 
cls  photoproducti  decays  noro  slowly  (tie  »  50  rain 
at  22°C|  than  Kill  It./,  >15  alnl  docs.  The  formation 
of  7-cla  photoproduct  is  derived  frfflu  the 

photolsofflorl'atlon  of  lurairhodopsln  (L)  and 

Botarhodopsln  I  |HI1,  but  the  efficiency  of 
Isonerizatlon  to  7-ct8  is  better  in  Ml  than  In  L. 
The  A  oax  of  7-cls  photoproduct  at  -20“c  la  455  nn 
and  its  naxlnun  absorbance  ia  1.1  tines  as  large 
as  that  of  rhodopsin.  This  photoproduct  exhibits 
positive  CD  I  CM  "73,000  at  «  -bar.dl  which  la 

larger  than  that  of  Rh  ( it]  >  61,bC0l.  The 

cxanlnatlon  of  absorption  spectra  of  Rh 

Intorncdlates  has  shown  that  absorption  peaks  ot 
L,  HI  and  Mill  are  at  S22  ,  482  and  47S  nm 

rcspectlvoly. 
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cCMP  RECUUTES  AN  10>r  TRANSPORT  SYSTEM  IN  DISKS 
K«W.  Koch  &-UiBi  Kaupp,  I’nlv.  Osnabrueck,  Abtl.  Blophyalk, 
Barbarastr.ll,  D-AS  Osnabrueck,  FRO 

Ca"^  is  rclaased  by  cwlic  CMP  frcsa  disks  of  bovine  rod 
outer  segscnts.  Tbe  Ca'^  release  occurs  rapidly  (10-20 
sec)  at  a  high  stoichioaetry  (10.000-15<000  Ca*^ 
ions/disk).  The  K_  value  for  cyclic  CMP  1*  80  jiM.  The 
BaxlBxa  asplitude  oT  the  Ca  ^  responses  elicited  oy  cyclic 
CMP  or  8-Br-cCMP  are  of  siailar  cagnitude;  other  analogues 
of  cyclic  CMP  are  ineffective*  A  Ca*^  gradient  across  the 
disk  aeabrane  is  a  necessary  condition  for  the  release  to 
.occur*  If  this  Ca*^  gradient  is  dissipated  by  the 
ionophore  A23187  no  Ca*^  release  is  observed  after  addition 
of  cyclic  CMP*  The  Ca*^  release  is  inhibited  by  organic 
and  inorganic  Ca^  blocking  agents*  L-cis-Dlltiazea 
inhibits  the  release  at  aicrosolar  concentrations; 
D-cls-Dlltiasea  is  without  effect*  The  efficiency  to 
inhibit  the  cyclic  CMP-stiaulated  Cs*^  release  decreases  in 
the  following  order: 

L-cls-Diltiazea  >  PN  205-033  >  (+)Preoylaaln  >  D-600 

Nifedipine  and  Niaodiplne  are  ineffective*  The  Ca*^ 
release  is  als'^  inhibited  by  5  Cd*^* 

The  above  results  suggest  that  cyclic  CMP  regulates  an  ion 
transport  systex  in  the  disk  aeebrane  but  does  not  affeec 
directly  the  redistribution  of  Ca*^  bound  to  »^he  surface  of 
the  disk  aeabrane  and  free  Ca*^* 
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FLl'ORESCENCE  MICROSPECTROSCOPY  OF  61EPHARISMA  JAPONICUM 
PIGMENTS 

F.UncI,  G.Colocbetti,  R.HatteonI,  C.N.R,  IstUuto  di  Bio- 
ffsica,  Via  S. Lorenzo  26,  Pisa,  Italy  and  E.Polacco, 
M.Quaglia,  Istituto  di  Fisica  UniversiU*  p.zza  Torricelli 
2,  Pisa,  Italy. 

Fluorescence  excitation  spectra  of  the  red  pigaent  of 
the  ciliated  protozoan  Blepharisoa  Japonictei  have  been 
detenained  in  single  intact  cells,  in  cold-extruded  granu¬ 
les  and  ethanol  extracted  pigaents.  Heasurenents  have  been 
perfortded  by  oeans  of  a  tunable  dye«la$er,  coupled  to  a 
suitable  codified  nicroscope. 

All  the  spectra  are  sieilar  to  each  other  and  to  the 
absorption  spcctrua  of  the  red  pigoent  *in  vitro*. 
Fluorescence  quantum  yields  have  been  detersined  for  cold- 
extruded  an  ethanol  extracted  pigaents:  the  results  indi¬ 
cate  that  In  the  foreer  case  the  yield  is  d.SxlO"^  and 
in  the  Utter  1.6x10*2. 

*In  vivo*  oeasureoents  also  show  the  pignent  Is  hooo- 
geneously  distributed  along  the  cell  body* 

A  rough  action  spectrua  indicates  the  red  pigment  as 
the  photoreceptor  pigr^nt  for  the  step-up  photophobic 
reaction. 
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DIPHASIC  PHOTORCSPONSCS  AND  SENSITIVITY  REDUCTION 
OBSERVED  WHEN  RETINAL  RODS  ARE  OXIDIZED 
K.  Donngr,  S.O.  Hciallll  and  A.  Koskolainon,  Labora- 
tory  oc  PhyslcSf  Helsinki  University  of  Technology 
Espoo,  Finland. 

Wo  recorded  tho  aspartato-lsolatcd  receptor 
potential  froa  tho  dark-adapted  frog  retina,  a 
nofnal  photorosponso  is  scon  as  a  vitreous-negatl- 
vo  deflection  (tliAQ  to  peak  a  few  seconds  at  120C) 
Howovor,  in  some  retinae,  at  tho  beginning  of  the 
perfusion  a  small  positive  deflection  (time  to 
peak  one  second  or  less)  preceded  the  negative  one 
in  responses  to  low-intcnsity  stimuli.  As  we 
thought  this  could  be  duo  to  the  rising  level  of 
oxidation  caused  by  tho  perfusion  with  aerated 
Ringuc,  wo  then  studied  the  effects  of  switching 
froa  aerated  to  deoxygenated  Ringer  and  back. 
Introducing  deoxygenated  Ringer  at  least  doubled 
sensitivity  without  much  changing  tho  maximum  res¬ 
ponse.  Ro-introducing  aerated  Ringer  did  indeed 
transiently  (first  10  minutes)  produce  the  bipha- 
slc  photorosponses  involving  an  initial  positive 
wave  and  depressed  sensitivity  by  some  O.S  log 
units.  Tho  initial  positive  wave  cannot  be  duo  to 
tho  activation  of  voltago-dependont  channels^  r.or 
to  glial  currents,  as  it  preceded  the  photorespon- 
80  proper.  Adding  to  tho  Ringer  sodium  ascor^te 
(0,1  nM),  which  may  work  as  either  an  oxidant  or 
an  anti-oxidant,  gave  results  highly  similar  to 
those  of  aeration,  but  only  after  a  10  tiln.  delay. 
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PORRMYRXN  JPROOUCTION  AND  INACTWATION  OP  P,  ACNES  BACTERIA. 

A.  Johnssoa,  B.  Kjold&tad  and  S,  Sandberg.  Dept  of  Physics. 
Unlv  of  Troftdheia,  N-7055  Dragvoll,  Norway. 

Propionibaeterluffl  yncs  (P.acncs)  belong  to  the  bacterial 
inhabitants  of  tho  skin  and  take  part  in  the  acne  disease. 
Porphyrin  production  by  bacteria  grown  on  Eagles  basal  r.edi^r 
was  studied  by  fluoroaotry  and  HPLC.  The  relative  amount  of 
proto-  and  coproporphyxin  was  changed  with  pH  in  the  range 
of  5.3  to  7.2  and  time  of  incubation.  Emission  spectra  fro". 
tho  bacteria  in  PBS  had  peaks  at  612  and  635  nn* 

Inactivation  of  the  bacteria  was  studied  by  rcastring  their 
colony  fonsation*  Inactivation  was  oxygen  dependett. 
caused  an  increased  inactivation  as  cospared  with  noreal 
water.  Singlet  oxygen  l«  likely  to  be  involved  in  these 
nechanisas.  A  prelininary  action  spectrum  of  the  inactivatior 
shows  a  peak  In  the  410  nn  region.  This  indicates  that 
porphyrins  produced  by  the  bacteria  take  part  in  the 
destruction  loechanistas. 
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CURRENT  SOURCES  AND  SINKS  OF  LOCAL  ERG  COMPOTZEIXTS  IN  PRIMATE 
H.G.M.Hoynon  and  D.  van  Norren*  institute  for  Perception  TNO 
kaapweg  S,  Soosterberg,  The  Netherlands. 

The  local  oleetrcrotlnograa  (LERGI  was  recorded  in  vivo 
in  the  macaque  eye*  Extracellular  voltage  changes  eyoked  by 
light  flashes  were  recorded  with  a  bipolar  microeicctrcde 
(tip  distance  30  to)  at  various  depths  in  the  retina*  A 
principal  eosponent  analysis  was  used  to  extract  Isolated 
components  freo  different  parts  of  the  LERG.  The  photorecep¬ 
tor  cor^nent  was  isolated  froa  two  20  as  tiao  vindcvs  fol¬ 
lowing,  respectively,  stiaulus  on  and  off.  Current  pulses, 
passed  through  the  eyo  wall  frees  an  electrode  behind  the 
eye  to  an  electrode  in  the  vitreous,  yielded  voltage  effects 
froQ  which  the  local  resistivity  as  a  function  of  retinal 
depth  was  calculated.  Coabinaticn  of  light  evoked  voltages 
and  resistivities  yielded  local  currents  in  tho  extracellu¬ 
lar  space.  The  receptor  coaponent  has  a  current  source  at 
tho  outer  segaents  lovol  and  a  sink  in  tho  outer  nuclear 
layer.  Tho  b-vavo  has  a  current  source  around  40%  and  a  sink 
around  55%  depth.  Our  b-vavo  results  contradict  the  existing 
laodols  in  Utat  there  is  no  additional  b-vave  source  in  the 
most  proxloal  10%  of  the  prix&atc  retina. 
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SPECTRAL  SENSITIVITY  OF  THE  PHOTOHECHANICAl  RESPONSE  01  IKE 
CRUSTACEAN  DISTAL  PIGMENT  CELLS  O.L.  CortEs  and  H.  Arf- 
cMga.  DepartJictit  of  Physiology  and  Biophysics,  ClWESfAV, 
Mexico,  D.f, 

The  compound  eye  of  crustaceans  contains  a  set  of  non- 
vtsual  shicldin,  ptneents,  the  position  of  uhlch  depends  on 
the  Intensity  of  Illuninaticn.  One  of  such  pl«ent$  Is 
contained  In  darL  qranules  located  In  cells  extending  from 
the  cornea  to  the  use  of  retinula  cells.  It  hence  Its 
denomination  as  distal  retinal  plgscnt.  Under  llluolnatlon, 
the  pIgRcnt  granules  expand  within  the  cell.  The  photomecha¬ 
nical  response  Is  mediated  by  the  release  of  a  neurohormone 
from  the  eyestaU,  There  Is  no  Infoixsatlon  about  the 
photoreceptor  mediating  this  reflex.  In  this  report  we 
characterue  the  spectral  sensitivity  of  the  response,  as 
an  Initial  step  In  the  stidy  of  the  pigmentls)  mediating 
the  pbototransductlon  stage  of  the  reflex.  The  experiments 
were  conducted  In  adult  specimens  of  the  crayfish  Preeamba- 
rus  clarLI  of  either  sex.  The  Ulunlnatlon  was  provlde'd 
wHh  a  Oausch  A  Lomb  monoebrooator,  and  calibrated  filters. 
The  position  of  the  distal  pigment  in  the  retina  was 
determined  nlcronetrlcally.  Threshold  for,ellcltlng  the 
pigment  migration  ranged  froa  10“  to  10*'’  quanta  ca'*-  S'*, 
depending  on  the  state  of  light  adaptation.  Two  peaks  of 
sensitivity  ware  found,  one  at  SSO  ra,  and  the  other  at  480 
(n.  The  first  one  with  a  lower  threshold.  Preadaptation  to 
red  light,  suppressed  the  first  peak  without  significant 
changes  of  that  at  4S0  m.  Adaptation  to  blue  light  produced 
the  opposite  result,  Tne  photoreceptors  driving  the  response 
are  extra-retinal. 
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EFFECT  OF  PRESSURE  OM  PHOIOCHEMISTRy  OF  THREE  RETIKOID 
PIGMEIfTS  (bB,  hR,  tR)  IN  HAIiOBACTERIUM  HAL0S1U.M 
N.  Tsuda,  Y.  Terayaaa.  Departsent  of  Physics,  Sapporo 
Mdlc&I  Colle^o,  Sapporo  060,  Japan 

The  cytoplastic  tacabranos  of  Halobaetoriua  halobltia 
contain  at  least  thrcorotlnal  pi9»ents,  i.o.,  bacterlo- 
rhodopsin  (bR)i  halorhodopsin  (hR),  and  third  rhodopsin  like 
pigaent  (tR)^'^^.  Tho  rate. and  oaplltudc  of  the  photo¬ 
transients  of  bR,  hR,  and  tR  were  scasured  under  various 
conditions  of  pressure,  teaperature,  salts  and  detergents, 
Increasingr  pressure  and  decreasing  tesperature  dialshed  tho 
amplitudes  of  phototransient  of  tR  but  did  not  affect  so 
such  that  of  hR.  The  rscovery  of  tR  was  accelarated  but 
that  of  bR  was  detardatod  upon  increasing  pressure.  hR  was 
insensitive  to  pressure*  Pressure  effect  of  photocycle  of 
sR^^  in  Flx3  BUtant  (provided  by  Dr,  Spudlch)  was  very 
siailar  to  tR.  Thus  tR  and  sR  could  be  the  saac  pigaont. 

The  amplitude  cf-phototransient  of  hR  decreased  in  decreasing 
concentration  of  NaCl,  but  that  of  tR  was  not  influenced  in 
the  rage  of  4  M  to  100  siM  KaCl,  The  aaplitudo  of  the  photo¬ 
transient  of  tho  bR*  autant  and  the  magnitude  of  the  photo- 
induced  acabrane  potential  were  s&easurcd  in  various  salt 
solutions.  The  results  suggest  hR  is  a  light  driven  halogen 
puap  and  tR  is  not  elcctrogenic. 

1).  Tsuda,  M.  et  al.,  Blochea.  Biophys.  Res.  Coeaun.,  IQ8, 

070  (1982).  2).  Haxcaoto,  N.,  et  al.,  Biophys.  J.>  59 

(1933).  3).  Bogoaolni,  R.A.  and  Spudich,  J.L.,  Proc.  Natl. 

Acad.  Sci.  OSA,  62S0  (1982). 
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SYNTHETIC  HDOELS  OF  BIOLOGICAL  PHOTORECEPTORS. 
PHOTOREOULATION  OF  POLYPEPTIDE  CONFORKATION 
O.Pleronl,  A.Fissi,  J.L.Houben  and  F.Ciardelli,  CNR  -  Inst, 
of  Bioptysicsj  Centre  of  Stereoordered  and  Optically  Active 
Hacromlecules.  Inst,  of  Industrial  Organic  Ctenistry, 
University  of  Pisa;  Pisa,  Italy. 

Photoresponsive  polypeptides,  which  undergo  reversible 
variations  of  conforoatlon  upon  exposure  to  light  or  dark 
conditions,  have  been  prepared  by  introducing  photochroaic 
azobentene  groups  Into  tbe  side  chains  of  po1y(l.-gIutaiitc 
acid).  The  extent  and  the  kind  of  the  photo-behaviour  depend 
on  azo  content  and  solvent  conditions  under  which  irradiat¬ 
ion  is  carried  out.  The  naxioua  of  the  light-induced  effects 
is  achieved  when  the  systen  is  in  a  labile  folded  structure. 
The  pK  for  the  Ionization  of  the  unnpdified  COOH  groups,  and 
the  conformational  transition  curves  of  the  dark-adapted  sao 
pies  (ti>sr.a-azo)  were  found  to  be  different  from  those  of  "" 
the  Irradiated  ones  (ofa-azo).  So  the  trtme-to-cie  photo- 
tsooerizatton  produces  a  higher  Ionization  degree  of  the 
COOH  side  chains,  amplifying  the  first  light  effect  and 
causing  the  unfolding  of  the  polypeptide.  The  mechanism 
could  be  operative  also  in  the  case  of  naturally  occurring 
photoreceptors,  where  the  photoexcitatlon  of  a  photochroatc 
cxjlecule  seems  to  Induce  conformational  changes  of  the  at¬ 
tached  protein  matrix. 
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EFFECTS  OF  CAZXZIUH-ZEEE  SOEOTIONS  XSO  COMET  IONS  O.N 
EIGHT-INOUCED  pHj  CHANGES  IM  BAEANUS  PHOTORECEPTORS. 
D.Erne  and  H.H.'Brown,  Dept.  Physiol.,  Nnlv.  Utah,  Salt 
Lake  City,  UT,  USA. 

IllvBinatlon  of  soae  invertebrate  photoreceptors  has 
been  shown  to  initiate  an  inward  Ca^*'  current.  Addition¬ 
ally,  Ca^*  released  from  intracellular  Ca^*  pools  is  a 
likely  source  of  an  increase  in  intracellular  Ca^^.  A 
subsequent  intracellular  Ca-H  exchange  could  contribute 
to  the  decrease  of  pHj^  seen  under  these  conditions.  In  an 
attespt  to  distinguish  between  these  two  processes  we 
have  recorded  light-induced  intracellular  pK^  changes  in 
barnacle  photoreceptors  in  the  absence  of  extracellular 
Ca^**  as  well  as  in  the  presence  of  Ca^*  channel  blocking 
Co^^  ions*  Intracellular  pH^  was  assessed  using  neutral 
carrier  based  liquid  jaeabrane  nieroelectrodes  (D.Aeaann 
et  al..  Anal.  Chen.  ,5^  2267  (1981)).  Bxperiaents  in  the 
absence  of  external- Ca^*  (laH  EGTA)  showed  a  light 
Induced  pH£  decrease  and  recovery  in  tho  dark  siailar  to 
the  control  experiaents.  This  suggests  that  the  influx  of 
Ca^^  is  not  priaarily  responsible  for  tho  acidification 
of  the  cytoplasa  but  rather  soae  intracellular  aechanlsa 
triggered  by  illuaination.  Reducing  extracellular 
frees  20aM  to  lOaM  or  adding  up  to  30bM  C0CI2  increased 
the  light  induced  acidification  in  the  steady-state  by  a 
factor  of  2  to  S.  The  recovery  in  the  dar)c  is.reaarkably 
slower  under  these  conditions.  A  induced  inhibition 
of  the  pH£  recovery  after  acidification  could  account  for 
both  the  increased  acidification  in  light  and  the  longer 
tloe  constant  of  the  recovery  in  the  dark.  NEI  SY00762, 
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THE  ULTRAVIOLET  FLUORESCENCE^ AND  INTRAMOLECULAR 
BNBROY  TRANSFER  OF  PURPLE  MBMBR/wNS 

Feng  and  P.L.  Zhou,  Biophysics  .Div 
Dept*  of  Biology,  Fudan  Univ.,  Shanghai,  China 
The  ultraviolet  fluorescence  spectra  of  purple 
aeabrana  fragnents  were  neasured.  The  PM  samples 
were  satxxratod  with  and  without  other»  in  either 
case  the  protein  fluorescence  of  the  PM  samples 
irradiated  vith  orange  light  were  lower  than  the 
control  one.  The  intensities  of  UV  fluorescence 
of  PM  and  apo-aeabrane  were  siailar,  but  the  quan¬ 
tum  yield  of  UV  fluorescence  of  bacterioopsin  was 
twice  as  large  as  the  natural  purple  membrane. 

This  result  illustrated  that  tho  protein  fluore¬ 
scence  was  quenched  by  the  chromophoro  of  PM. 

The  conversion  of  the  dark-adapted  PM  into  light- 
adapted  PM  vas  catalyzed  by  irradiation  of  UV 
light  at  280nm.  The  photobleaching  of  PM  was  also 
catalyzed  by  tho  UV  light  at  200no  in  the  presence 
of  hydrozylamlno.  By  measuring  tho  action  spectrum 
of  photobleaching  of  PM  irradiated  with  280na»  we 
showed  that  the  action  spectrum  of  photobleaching 
of  PM  coincided  with  the  absorption  spectrum  of  PM 
in  the  UV  region.  All  the  results  showed  that  the 
energy  absorbed  by  protein  had  transferred  to 
retinal. 
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q^AmTATHE  xepra)  or  woo  rztiwal 

RQK.  B.  VaU  d  A.P.  Soalyo,  Pannaylvaalt  Xuacla  Instltuta, 
I'oiv.  oTTeKEsylvanla,  Philadelphia,  PA,  USA 
The  elecental  cooposltlon  of  retinal  rods  vaa  deteralned 
with  EPNA  (Eoalyo,  A.P.  d  Shuaan,  H.,  Ultranlcroacopy  8:219 
1952;  Kltazava,  I.  «t  al^.  Ultraalcroacopy  ^J25*it983i  Soalyo 
A.P.  ii  «1»  theae  Proceedlnga)  of  dry  cryoaoctlona  of  ahock 
frozen,  dark  6iQ|;<tod  biA  llluk.ln«t«4  (9  Mlu)f  a.  plplena 
retinae  in  O.I6*M  Ca^*  Ringer.  Eleaental  coapoaltlon  vaa 
deteralned  in  the  outer  aegaents  (OS),  inner  aegr-enta  (IS), 
and  in  nltechondpia.  The  reaulta  (in  i»ol/kg  dry  vtj^SDl)  are 
shoM)  in  the  Table. 

K  Ca 

127*2  0.4*0, 1 
52(Tio  5.6TO.4 
25?l8  0JO.2 

174***  0.4*0.2 
4I404  3.('~0.6 
2S7*p  O.4T0.2 
oed  To  ^Malbl/ 
«:g  (b«?4}  and  total  [Tajvaa  unchang^.  Ve  conclude  that  1) 
there  is  a  8tgnifj.oant  (CO  P<0.C9,  IS  P<0.0O  reduction  in 
rod  ^  ■i'»  llluMnatloo;  2)  tbe  Ca  content  of  SOS 

^*0.l/EhodopsiQ)  is  at  tlie  lover  linit  of  puMiahed  values 
(Csuts  d  Cone,  BBA  463:194,  1977}  and  is  not  detectably 
rhacFed  by  light;  ?T^he  )C/Ka  ratio  la  rods  la  increased  and 
eltochondrial  Ka  is  decreased  by  light*  The  very  aaall  (P£ 
>.C9)  c>Aanea  in  aitochoedrial  Ca  la  c^pailble  vith  Ka-ii;4uc- 
ii  release  in  the  dark.  Supp.  by  HL15879  to  the  Penna.  Mua- 
(nat.  and  Deuts^'he  PorschungseAKeinachAft  ^Vs  461/2-?)  to  B  V 
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IONIC  SELCCTIVm  CF  THE  TOAD  ROD  OUTER  SCCHENT  KEHBRANB 
B.J.  Nunn,  P,A.  McNaughton  and  A.L.  Hodgkin,  Riyslologtcal 
Laboratory,  Dovntng  Street,  Caabridge,  U.k. 

The  effect*  of  rapid  ionic  change*  on  the  light- 
•enaltlve  current  of  rod*  were  Inveaclgated  by 
crantferrfng  a  rod,  held  in  a  tuctlon  pipette,  aero**  the 
boundary  between  two  flowing  •olutlon*.  The  relative 
peraeabllitle*  of  sonovalent  cation*  through  the  light' 
•ensitlvQ  channel  are  Lt:Na:K:Rb-'C»  •  l,A!l:0.8:0.6:0,lS; 
choline,  THA  and  TEA  are  iaperaeant.  Ca**"  can  carry  a 
substantial  current  In  soae  clrcuastances,  but  can  also 
rapidly  block  a  current  carried  by  another  ton.  No  Ion 
apart  froa  Na'*’  can  ealnttln  appreciable  current 
continuously  In  the  presence  of  1  aM-Ca;  this  Is  probably 
because  no  other  cation  can  replace  Nn  In  the  KazCU 
exchange  which  norsally  holds  (Ca)|  at  a  low  level. 

The  rate  at  which  channel*  close  In  low  (Na)^  or  high 
(Ca}^  la  accelerated  by  weak  background  hghta  and  stowed 
by  IhHX,  which  Inhibit*  the  hydrolysis  of  cyclic  CMP. 

After  a  period  In  LI  containing  1  aM-Ca  the  light- 
sensitive  channel*  nsaln  closed  for  a  second  or  two  when 
Na^  Is  restored.  Reducing  Ca  In  the  It  solution  froa  1  to 
0,1  aM  accelerates  the  recovery  on  restoring  Na^  but, 
surprisingly,  has  little  effect  on  the  tine  constant  with 
which  current  declines  In  Lt. 

Although  our  results  suggest  that  Ca  Is  involved  In 
transduction,  they  seen  quantitatively  nore  consistent 
with  anlnhlbltory  effect  of  Caj  on  the  production  of 
cyclic  CHP  than  with  a  direct  action  of  Ca^  on  light- 
sensitive  channels. 
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STEPPED  RECOVERI  OP  THE  PHOTOCURJtENT  OP  KjSltET  RODS. 

J.L.  Schoapf,  B;J.  Nunn,  and  D.A.  Baylor,  Dapartsent  of 
Neurobiology,  Stanford  Unlvarsity,  Stanford,  CA,  (rSA. 

Photocurrent  was  recorded  froa  single  rods  of 
Macaca  faaclcolarls_  with  a  suctifin  electrode*  The 
photocurrent  evoked  by  a 'bright  flash  ahowed  a  long  tali 
consisting  of  the  superposition  of  step^like  outward 
currents*  Individual  events  seen  after  bleaching  200> 
1000  rhodopsln  a>lecules  displayed  quantized  aaplitudes 
of  \-2  pA,  transition  tiees  of  0*2  sec,  and  widely 
varying  durations  which  sosetlecs  exceeded  30  sec*  The 
duration  and  Man  nu&ber  of  eventa  increased  with 
increasing  flash  strength*  Eventa  lasted  longest  when 
elicited  by  light  at  the  tip  of  the  outer  aegaent,  and 
were  never  observed  during  the  saturating  photocurrent, 
indicating  that  they  result  froo  local  blockage  of  the 
light  sensitive  conductance* 

A  speculative  aodel  la  that  bleaching  of  a 
rhodopsin  can  trigger  the  ateady^  point  injection  of 
into  the  rod  cytoplasa,  blocking -the* dark  current  along 
a  1-2  ua  length  of  outer  aegaent*  Experlaenta  with 
plane-polarized  light  Indicate  that  absorption  of  light 
in  the  discs,  not  the  surface  eeabrane.  Initiates  the 
events. 

After  very  bright  light,  proalnent  current 
fluctuations  result  froa  the  superposition  of  aany  step 
events,  giving  a  possible  basis  for  the  "equivalent 
background*  observed  psychophyslcally. 
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BUFFER  CAPACITY  IN  BALANUS  PHOTORECEPTORS  FROM 
ARSQ7AZO  ZXX  HEASUREKanrS. 

H.M.  Brown  and  B*  Rydqvlst,  Depts*  Physiol.,  Unlv.Utah, 
Salt  Bake  City,UT,USA;  KaroUnska  Inst*, Stockhola, Sweden. 

ti9ht>induced  intracellular  and  pH  changes  have 
been  measured  in  Balanus  photoreceptor  cells  with  ion- 
selective  electrodes*  This  raises  the  question  of  the 
interdependence  of  these  changes  and  Implications  for 
photoreceptor  function*  Arsenazo  IZX  (AIXI)  exhibits 
large  changes  in  extinction  at  620  na  for  pH  changea  and 
at  650  no  for  Ca^^  changes*  This  property  of  the  dje  was 
utilized  for  sleultaneous  ceasuresent  of  Intracellular  pH 
fpK^)  and  free  Ca^*  changes  (Ca^l^.  The  Ca^*  buffer 
capacity  of  the  cell  (l-dCa^/Ca^^j  x  100)  was  estlnated 
in  the  dark  by  acidifying  Ca/ESTA  injected  cells  with  CO2 
equilibrated  salines  or  by  exposing  the  cell  to  light.  A 
Ca^^  load  could  be  cosputed  froa  the  pH  dependence  of 
The  buffer  capacity  was  about  95%  and  was 
independent  of  the  eode  of  SpH,  i.e*  light  or  C02*  The 
situation  in  cells  inject^  exclusively  with  AXXX  proved 
to  be  different.  For  a  given  ^Ca^r,  the  light-induced 
pH'Vas  considerably  aaaller  than  the  ^2  i<^ueed  change 
(.OSvs.O.S).  Ibese  observations  suggest  1)  these 
S^jotoreceptor  cells  have  an  inherently  low  Ca^*  buffer 
capacity  coapared  to  soec  other  nerve  cells  (e.g.  squid 
axon  can  buffer  99.9%  of  a  Ca^*  load)  and  2)  that  the 
Ca^^  buffer  capacity  is  further  dtainlshed  during 
light.  Supported  by  HEX  EY00762. 
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EIECIHOPSiSIOIQGr  OF  IHE  COJXS  RECEE5CKS  IN  'THE 

mraia  mantis 

Nelson  A.  Entjala,  Dpto.  Eiologla  do  organisinos , 

Univ.  "Sinin  Eollvar",  Caracas j  Vonozuola. 

Corneal  field  ERG  (Ruck,  1961,  J.G.  Physiol. 

W:  606)  of  the  cantis  (Stagaatoptora  bloeellata) 
eoopound  eye  (CE)  shows  different:  wavo  length  ivit) 
responses  in  different  eye  areas.  In  the  antoro- 
internal  eroa  it  shows  WL  sensitivity  curves  with 
two  aaxiaua  peaks,  one  in  h20  na  and  another  one 
in  916  na.  The  relation,  of  these  two  peaks  change 
with  ligth  or  dark  adaptation,  showing  a  Furklnge 
shift.  In  the  rest  of  the  CS  areas  the  only  peak 
detected  was  the  one  corresponding  to  916  na,  and 
the  Purkinge  shift  can  not  he  detected.  Using 
intracellular  recording  of  the.  retinular  cells  of 
the  aantis  CE,  two  types  of  wave  length  sensitiv¬ 
ity  cells  were  found.  The  acre  frecuenhwere  ones 
with  aaxiaua  seneltivity  WL  in  916  na,  and  the  leee 
frecuent  were  ones  with  aaxiaua  sensitivity  WL  In 
420  na.  The  916  na  cells  were  found  In  all  the  OE 
but  In  A1  CE  are.  was  found  420  na  cells  too.  Be 
cause  the  A1  ares  of  tho  aantis  CE  has  boen  pro-" 
posed  for  fora  and  distance  deteotlon,  thus  It  Is 
possible  to  asuae  that  aaatla  has  dlcroaatlo  color 
vlalon  for  those  eye  funtiona. 
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LOCAL  STRUCIl'ilE  Of  Fe  SITES  IK  FOETAL  KADMGLOSIH  B»  X«ES 

A.CoDgiu'Castellano,  A.BUncoftl.  E.Burattlnl.  H>Casugnola^ 
H>D«ll'ArlcclaB  P.J.Elurhas,  A.CiovaonelliB  Dipartie«nto  di 
Fl$lca,  Unlversica'  di^Rooa  *'La  Saplcnza",  Roea»  Italy. 

Xroo  X-ray  Absorpcion  Near  Edge  Structure  (XAKES)  apec- 
tra  of  huean -foetal. (F)  and  adult  (A)  deoxy  haeaoglobin  (Hb) 
ceasured  at  the  Frascati  synchrotron  radiation  facility  re- 
Vi  1  the  different  ge^trical  structure  of  the  Fc-porphyric 
co^leMS  in  the  two  proteins.  The  difference  of  th< 
Fe-site  structure  between  the  foetal  and  adult  deoxy  Hb  is 
related  with- the  different  affinity  for  oxygen  of  the  twe 
fcras.of  haesoglobin. 

The  K-XAK£$  spectra  are  interpreted  bj 
Bultiple-scatterlng  ^£S  theory  which  show  a  good  sgreeeent 
with  experleehtal  avta.  The  agrcecent  between  the-  and 
experinent  allows  us  to  «ssign  the  iron  XAb’ES  spectra  tc 
(Riltlple  scattering  of  the  excited  photoelectron  in  the 
continuum  within  a  cluster  of  30  neighbour  atoas.  The  ef¬ 
fect  of  the  increasing  Fe-displacenent  out  of  the  porphyric 
plane  predicted  by  XA^ES  calculations  is  in  agreeeent  with 
the  observed  variation  of  experimental  XANES  spectra  going 
from  deoxy  HbA  to  deoxy  HbF. 
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sfiOfOTOj  p.©Knaj  WAY  scsrrsffic  duscj;  3e  of 

vna)  CCtlACSI  a2F“-ASa«:f.  C.  aarezaij  A.  L.  Ororri<y,  Dept,  cC 
CrthcpODdiC5»  Sinai  Schs^  tfKcdlcine*  !2cw  York,  N.Y.»  U.3.A.; 

J.  Berdas  oidK.  H.  J.  Koch,  £izx:pcxnHol.  Biol,  F.R.G. 

In  etder  to  obtain  inTorratian  on  the  stnxtu^  cf  the  csrly  SLyrarPleadar 
collagen  asscrblics  the  tcporal  corse  of  fibril  ftrratton  vas  scnltcrod  ty 
synctrotro!  ndiaticn  X-ray  scattering.  FoUewing  a  tctpcratirc  Jicp  ttra 
4*  C  u  33*  C,  id'idi  Imiiood  c&Uiigrn  pol^acrlzation,  a  contiruojs  Increase 
in  the  scatte^X  inunsity  vas  detected  vlUi  no  discernible  lag  ph^. 
Parallel  tirbldiaetric  cderinenta  uidcr  the  sare  conditiens  rcvealti  a  lag 
;haae  cT  ca.  90  sec.  A  direct  correlation  kb  fond  bc&o^  the 
terpe^tire  and  both  the  rate  oC  increase  cf  scattcrirg;  intensity  and  the 
fir^  intensity,  vMcfi  Indicate  early  aggxfflte  fccratlon.  Chly  partial 
agS>X^te  reversal  ocorred  by-lcwering  the  terperaare.  In  centrast 
prmenticn  cf  &hifr  base  ncxiiatod  Intenaolecular  ocssllrto,  ty  redxtioa 
with  scdlm  bcrcbydidde,  lod  to  ctzplete  aggraegte  reversal  cooling. 
fren  these  results  and  (odelling  toxd  on  Ouinier  plots  cf  the  scattering 
intensl^  uc  conclude  that  early  ag^pcgates  oocsllrk  Inrediately  tpen 
assccPly  and  appear  to  ocmrpcnd  to  5<xrbered  otflbrlls  pneviously 
prcpoced  by  others.  (Stppcrted  in  part  by  tUTO  ^lant  1393.83,  Ansrican 
Heart  Association  ffxnt  9^,  Ihe  Axrlcai  Diabetes  Association  aed  the 
Milton  Petrie  Rnd). 
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SUBTLE  STRUCTURAL  CHANGES  AT  THE  Fc  SITE  OF  HAEM-PROTEINS 
ANO.PROTEIH  fUKCTlON  DETECTED  BY  XA.NES  USING  SYNCHROTRON  RA- 
DUTION 

A.Blancont.  E.Buratcini,  M.Cerdonio,  A.CoRgiu-Castcllaao, 
M.Dcll^ArieeU,  P.Durhaa,  A.Ciov4nnelli,  C.Karcelli, 
S.Morante,  Dipartimento  di  Flclca,  Universlta'  di  Row. 
*'U  Saplenta",  Rosa,  Italy, 

The  new  cxpecieental  method  XANES  (X-ray  Absorptloi. 
Near  Edge  Structure)  using  synchrotron  radiation,  hsr  given 
new  insight  on  the  relationship  between  local  structure  of 
Fe  site  In  luemoglobin  and  the  affinity  for  oxygen  binding. 
In  spite  of  long  standing-interest  In  this  problem,  the  so¬ 
lution  has  not  yet  been  reached  because  of  the  lack  of  ex- 
perioenul  methods  sensitive  to  very  staall  structural 
changes  involving  subtle  distortions  of  the  local  structure 
in  proteins  in  solution  close  to  the  "In  vivo"  situation. 
XANES  is  a  direct  probe  of  the  local  atomic  structure  around 
the  Fe  atom  within  5  A  giving  bonding  angles  and  Che  geo¬ 
metry  of  a  cluster  of  30  atoms  Including  the  porphyrin  plane- 
and  the  proxyoal  hyscidlne. 

We  Iv'c  studied  1)  the  variation  of  Fc-dlsplaccment 
from  Che  porphyrin  plane  in  the  deoxy  haea  proteins  in  the  T 
fora  with  different  O  affinity,  2)  the  Fe-displacement  in 
deoxy  myoglobin,  3)  bonding  angles  of  molecules  0^  ,  CO,  CN 
bound  to  Fe  in  protoporphyrins,  myoglobin,  haemoglobin  and 
carp  haemoglobin,  4)  the  R  to  T  transition  of  carp  haemoglo¬ 
bin,  5)  Che  Fe  effective  charge  variation  upon  0^  binding. 


185 

ANGULAR  P.ES0LVED  XANES  SPEaRA  USING  SYNCHROTRON  RADIATION 
GF  MbCO  SINGLE  CRYSTALS 

A.Blanconl,  S.Hasnain,  F, Durham,  A.Congiu-Castellano. 
M.Dell'Arlccia,  S.E. Phillips,  M.Ferucs,  Dlparclmento  di  Fl- 
sica,  Unlversita'  di  Roma  "La  Sapienra",  Rom,  Italy  and 
Daresbury  Laboratory,  Warrington,  U.K. 

The  first  angular  resolved  XANES  (X-ray  Absorption  Near 
Edge  Structure)  experiment  on  single  crystal  myoglobin  CO  is 
reported.  We  have  measured  the  XANES  spectra  with  the  pho¬ 
ton  electric  field  parallel  (perpendicular)  to  the  ^  axis 
E//a,  (CL^)  of  monoellnic  P2j  crystals.  The  XANES  speccr.< 
In  the  two  polarizations  are  quite  dlfftrenc.  The  data  are 
in  agreement  with  multiple  scattering  XANES  calculations 
which  predict  a  strong  resonance  in  the  photoelcctrcn 
scattering  in  direction  of  00  molecule.  The  comparison  with 
spectra  of  HbCO  in  solution  gives  the  physical  assignement 
to  their  weak  spectral  features.  We  show  that  this  new 
method  can  give  unique  information  of  molecule  bonding  geo¬ 
metry  In  haem-proteins. 
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nAissimriPAKatgmcigosiTS 

,  J.  E.  Ewazs*,  S.  HASIAh’  &  J.  S.  SiAH* 

R.  R.  Wills  I^sics  labcemtcsy,  Ihiv^raity  of  Bristol,  UJ(. 
uiresbay  labccatcsy,  U.K. 

Dlsooses  of  the  Joints  erd  perlartiffiJar  tissues  are  eften 
assodatod  with  pathological  deposits.  Bepcsltlcn  of  bydrcffysfatlto 
(HAP)  oocara  in  articular  lo^Une  cartUa^  and  Intraysrticular 
fibroHBrtilage  peda  Li  attacks  of  acute  synovitis  a.'id 
ootocaxthrltis.  Iteiartimdar  deposits  occur  in  .acute  calcific 
periarthritis,  tissues.  SLbcutanocus  deposits  are  occooa  in  iystccatlc 
eclercels  and  can  cause  poinM  uloaraUcn  of  the  skin. 

SCArS  epectra  of  the  deposits  trea  suhcutanecus  and  periarticular 
tissues  vore  ooepored  with  the  SCAFS  of  booe  oinerBl.  Ihe 
pathcilcglcal  crystalline  deposits  ^loucd  a  different  EXAFS  spectra 
end  cenfinaod  the  findings  fYca  the  previous  infra  rod  spectral 
atuUes  (s^,19^)  that  the  di^icslts  are  not  pere  hyiro^yopaUte. 

Infra-rod  ani  X4ny  poster  dlffVacticn  indicated  the 

jrescnce  of  6)^  In  the  pathoilogical  ^oclncns.  Dierofcre  &CAFS  of 
^TdheUcally  pc^porod  caztonatod  apatite  wore  also  obtained.  Ttas  the 
ghrii-w  90  far,  it  can  he  ccndulod  that  both  the  oystalllnity^  and 
the  presence  c£  caztxrate  lens  influence  tto  spectra  of 
lydrcsqiipatite. 

9sh,  J.  S.  (19^).  AppUcatim  of  Hysical  Ibthods  In  the 
inraotl^Ucn  ezyst^  r^tod  arthr:pathies.  Am.  Rixa.  Dis. 

100. 
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SEQUENCE  DEPENDENT  EMISSIONS  IN  DINUCLEOSIDES  PHOSPHATES  BY 
SYNCHROTRON  EXCITED  TIKE-RESOLVEH  EMISSION. 

J.P.  BalHnld).  M.  Danicla^^^  and  P.  VignyO^,  0)iti$txcuc 
Curie  and  I’niveralCd  Pans  VI,  Paris,  Lure,  Universtr^  Pans* 
Sud  Orsay.  Franco  and  (Zloregon  Stare  University,  Corvallta, 
U.S,A. 

The  lumineaccnce  equipment  built  at  Orsay,  ^ich  combi¬ 
nes  the  Lure  synchrotron  source  with  a  spectropbotofluoroae- 
ter  using  a  fast  single  photon  counting  detection  operating 
in  the  nanosecond  range,  has  been  used  to  analyse  the  complex 
room  temperature  weak  usisslons  of  dinuctcosides  phosphates. 
Time-resolved  spectroscopy  allowed  us  to  discriminate  Che 
arrival  of  early  (0  to  2.9$  ns)  intermediate  (2.96  to  6,04 nsP 
and  late  (6.0-'«  ns  to  J3.3S  ns)  emitted  photons  following  the 
excitation  and  to  record  the  various  components  separately. 

In  Che  special  case  of  nucleic  acids  components,  we  have  to 
discriminate  between  picosecond  range  and  nanosecond  range, 
and  this  tine  resolved  spectroscopy  is  suitable.  Different 
sequences  of  dinucleotides  like  ApT  and  TpA,  ApC  and  CpA  have 
been  studied,  and  show  three  components  which  peaks  respec¬ 
tively  at  about  330,  iOO  and  460  na.  The  intermediate  one 
at  400  nm,  attributed  to  stacked  bases,  is  more  intense  in 
Apt  or  Ape  sequences  than  In  TpA  or  CpA  ones.  This  may  be 
doe  to  either  increased  fractional  stacking  or  increased 
quantum  efficiency  or  both,  for  tfie  pur-pyr  sequence  relativt 
CO  Che  pyr^pur  one. 
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X-RAY  MIALVSIS  OF  WE  KINETICS  OP  E.  COli  LIPID  W®  KEKBRANE 
SITOCTOS^  TRANSITIONS 

J.L.  Ranckr  L.  Letcllier/  E.  Shechtcr,  B,  Krop,  P.  Pernst 
and  A.  Tardieu#  Lab.  des  Bioacabrancs,  Unlv.  Parijs-Sud,  Orsa 
and'Cantre  de  Cdndtlque  Noldcvila£re«  Clf  sur  Yvette^  Prano 

Synchrotron  Radiation  was  used  to  follow  the  tbae  course  of 
d^e  trahsitionsji  Induced  by  teaperature  juap,  in  E.  coll  M&b 
‘ancs  and  lipid  extracts  isolated  froa  a  fatty  auxotroph 
jrovn!)  vi^  different  fatty  acids.  Wo  aeasured  the  rel^'atlon 
;laes  associated  with  ^o  phase  transitions  as  veil  as  with 
:he  confozaational  transitions  of  the  hydrocarbon  chains  ar.d 
;bterv<^  different  behaviour  as  a  function  of  cheaical  .ccepo- 
s^Ition.  Relaxation  tiaes  of  l  to  2  sec.  Were  found  at  a-hexa* 
jonal  to  laaellar  transition  and  within  a  lasellar  phase  who*' 
iQ  paraaetcrs  display  iaportaht  varlatlons-w^  tesperature 
fhcn  conforaational  transition  takes  prace.  Mo  dolay  was 
^bserv^d  for  a  phase  transition  where  large  lipid  or  water 
iiffusion  was  not  needed.  We  have  shown  that  phase  transi¬ 
tions  and  conforaational  transitions  are  to  a  large  extent 
cot  coupled  and  that  the  relaxation  tises  corresponding  to 
the  latter  transition  could- bo  related  to  tho  size  of  tho 
ordered  dcoains.  In  all  casos^  the  order-disorder  transition 
is  taore  rapid  than  the  d',<order-crder  transition.  Finally 
the  rel^ation  tiaes  assc^ated  with  the  disorder-order  tran¬ 
sition  in  the  acabrane-and  in  the  lipid  extracts  were  found 
to  be  strongly  correlated,  indicating  that  the  proteins  do 
not  pl<.y  a  role  in  this  transition. 
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STRUCTWffi  OF  MANGANESE  SUPEROXXDS  DiS.MGTASE 

C.C.P.  Blake  a~nd  m.w.  Parker,  Loi»ratory  of  Molecular 

Biophysics,  Departiaent  of  Zoology,  Oxford,  U.K. 

Superoxide  Otsautase  acts  as  the  first  line  of  dofensv 
against  oxygen  toxicity  by  catalysing  the  disautatxon  of 
superoxide  radicals  to  dioxygen  and  hydrogen  peroxide,  to 
date  two  of  the  thxco  classes  of  tho  enzyae  have  had  crystal 
structures  deteroined.  We  have  determined  the  three 
dissnsional  structure  of  the  third  class  -  aanganese  super- 
oxide  disButase  fron  B.  stearotheraophilus.  The  enzyme 
crystallised  iti  space  group  P2t2i2  with  the  di&er  in  the 
asyzsactric  unit  and  cell  diaaensions  of  a  »  72.4  to  74, 7^, 
b  B  lll.lA  and  c  «  51. lA.  Diffracteseter  data  to  6%  was 
collected  for  native,  three  heavy  atom  derivatives  and  a 
manganese  free  crystal.  An  electron  density  sap  has  been  «« 
calculated  based  sn  phases  from  tho  heavy  atoa  data  and  the 
exanganesQ  sites  determined  froa  a  difference  Fourier  with  the 
Manganese-freo  data.  A  structural  eosparison  with  the  other 
types  of  S<X>  will  be  presented. 
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FIBRXN'OGE»^-FIBRIN  CONVERSION  MECHANISM  MONITORED 
BV  STOPPED-FLOM  X-RA^  SCATTERING  METHOD 
H.Kihara^)  T.NikuehiV  S.Salco^  H.Hat^uda¥ 

C.NakaH{kaw?^T~  Y.Atnealva^^ K.Wakabavasht?^ 
T.NaqaKura4)  and  T. Furunol)  DJichi  Medical  School, 
2)KEK,  3) Osaka'  University,  4)0NIS0KU  Co.  ltd., 
5)Phya.Cheia. Research  Inst. at  Wako 

Conversion  of  fibrinogen  to  fibrin  by  attack 
of  throrrbin  was  monitored  by  stoppod-flow  x-ray 
scattering  raethod.  In  50  trM  Tris-Cl(pH7.5)  with 
0.5  M  NaCl,  flbrinoqcnllO  na/nl,  final)  was  mixed 
with  thrombindOO  unit,  fiml).  X-rav  scattering 
pattern  was  monitored  with  one-dimensional  PSPC. 
Total  scattered  intensity  increased  with  halfrtimc 
of  8  sec*  7fcer  20  sec,  it  shows  no  detectable 
changes  through  10  min.  On  the  contrary  of  it, 
Jight-scattering  shows  huge  increase  even  after 
several  minutes.  Fibrin  solution  in  the  coll 
changed  to  gel  after  the  experiment.  Analysis  was 
done  with  one-dimensional  rod  approximation.  Tho 
result  shows  that  diameter  becomes  larger  from  88 
A  to  143<  A(1.6  fold).  The  result  would  be 
explainable  with  the  mechanism  shown  in  Figure  1» 
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TIME  RESOLVED  FLUORESCENCE  STUDY  OP  A  23187  INTERACTIONS 
WITH  SARCOfL.\SHIC  RETLCULUH  VESICLES  USING  SYNCHROTRON 
RADIATION. 

J.C.Brochon  L.U.R.E. (Synchrotron  RajUtlon  L«b.)Unlv.P«ris- 
iirr:nr-209C,0RSAY,  D.Brt:hes,d.Ghey«lller  BORDEAUX, 
B.Arrio.ORSAY, FRANCE. 

An  nnalyila  o(  InCeractlona  between  the  calelca  lonopho- 
re  A  23187  and  the  CU** -dependent  AtPefo  of  earcopletalc  re- 
ticulua  fret,  ekeletel  suecle  ho  been  done  by  Iluorleecry  In 
the  rutnoiceond  range  using  eynehrotron  radiation.  The  «ala- 
alon  of  the  lonoohore  can  be  described  by  a  alngle  decay 
tlscCof  8.4,  8.3,  end  7*6  nanoseconds  in  ethanol,  chloro- 
fura  and  cyclohexane  respectively.  In  aqueous  sedlua  the 
response  ta  heterogeneous  and  drastically  aodifled  according 
to  pH.  The  relative  contribution  of  the  shortest  Jeeey  tUe 
I  CiO.8  nsce)  to  the  whole  fluorescence  vatsslon  Incrcaeca 
froa  pH  4.1  to  pH  9.1  and  can  be  attributed  to  the  non  pro- 
tonated  fore  of  the  lonophorr.  Addition  of  calclua  haa  no 
effect  on  thie  decay. 

When  excited  at  2$0  or  29S  na  the  fluorescence  ealaslon 
of  the  sarcoplssalc  ^etleulua  vesicles  Is  heterogeneous, 
aalnly  due  to  tryptephanyl  greups  of  Che  Ca**-depend«ne 
ATFase.  When  thla  blf logical  seabrane  preparation  la  excited 
at  295  ne  In  the  pro  ence  of  A  23187,  one  eeasuree  an  eala- 
alon  at  448  ra  due  r»  energy  iransfera  between  the  trypto- 
phanyl  residues  an,  Che  lonophore,  showing  a  relatively 
close  interaction  bitveen  chle  Mlecule  and  the  Ca"* -depen¬ 
dent  ATFase.  The  flaorcsceece  anisotropy  decay  of  A  23187 
Incorporated  in  tV,  •eebrane  can  be  described  by  two  corre¬ 
lation  tl«et.  By  coaparlson  with  what  is  obtained  with 
lipoaoaes  nade  e/  phospholipid  extraction  froa  S.R.,che 
saaller  correlation  iiae  8,  eay  be  related  to  the  ooblllty  of 
the  lonophore  in  the  lipid  bilayer.  The  longer  correlation 
ciae,e&a&y  Indicate  that  soae  lonophore  aoleeules  are 
located  oear  the  Ca** -dependent  ATFase  In  a  acre  disordered 
phospholipid  envlrocaent. 

In  addition  a  review  of  the  various  applications  of 
Synchrotron  Radiation  for  pulied  fluorlaetry  studlea  of 
biological  n-rstcas  Is  presented. 
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Construction  and  Perfonaance  of  a  Multifreguency  Cr-oss-Corre- 
lation  Phase  riuoro&eter  Using  Synchrotron  Radiation.  E. 
Gratton,  D.H.  Jaaeron,  N.  Rosato  and  C,  Weber,  Dopts.  of 
Physics  and  Biocheaiscry,  Unlv. of  Illinois  at  Urbana  and 
Dept. of  Pharoa5ology,Unlv.of  TX  Hlth.Sci.  Center  at  Dallas. 

A  cross-correlation  phase  and  ntodulatlon  fluoroaeter.uslng 
the  synchrotron  radiation  facility  at  the  ADONE-Prascati  eleo 
tron  storage  ring  was  recently  constructed  and  tested. The  in- 
stxment  utilised  tho  lart«  «erics  of  equally  spaced  harsnnlc 
frequencies  available  In  the  frequency  doaain  from  the  high 
repetition  rate  pulsed  source.  The  signal  incenslty  does  not 
decrease  substantially  at  the  highest  harmonic  frequenciex 
utilized*  the  cross-correlation  technique  in  conjunction  with 
the  high  repetition  rate  pulsed  light  source  per^ts  one  to 
isolate  one  harmonic  frequency  from  the  adjacent  frequencies 
,fith  high  precision.  Two  coupled  frequency  synthesizers  are 
used  to  generate  the  cross-correlation  frequency  required  for 
the  analysis  of  the  phase  delay  and  xsodulation  ratio$one  syn¬ 
thesizer  drives  the  radiofrequency  cavity  of  the  storage  ring 
and  the  other  modulatus  the  response  of  the  photosultipliers. 
Ihe  systea*5  perfortance  of  the  instrument  with  respect  to 
absolute  accuracy,  reproducibility  and  sensitivity  has  been 
sxperieentally  detertiined.  These  results  indicate  the  super¬ 
iority  of  the  cross-correlation  phase  techniques  coupled  »'lth 
synchrotron  radiation  over  conventional  lifetime  instrusenta- 
cion.  The  saaples  investigated  included  KADH,  tryptophan  (at 
different  pH  conditions  and  at  various  excitation  and  ents- 
slon  wavelengths)  blS^iNS,  bls-TNS  and  various  proteins.  Ex- 
periaents  on  energy  transfer  between  tyrosine  and  tryptophan 
in  BSA  and  with  bls-AN5  absorbed  to  BS.\  were  also  perfonaed. 
_ 

OVERSHOOT  ASSEMBLY  OF  TUBULIN  STUDIED  BY  TIME-RESOLVED  X-RAY 
SCATTEulv^,  E.  ManCelkow*,  C,-N.  Kandelkew*,  W,  Renner*  and 
d.  Berdas  ,  *Max-Planck-in3tilut  for  eedlzlntschc  ^orschung, 
Abl.  Blophystk,  0-&900  Heidelberg,  FRO,  ana  Daresbury 
Laboratory,  Warrington  WAb  4ad,  U.X. 

Hlcrotubule  assesbiy  consists  of  several  phases:  during  thv 
pro-nucleailon  stage  storage  aggregates  break  down  into 
tubulin  ollgozcrs  and  subunits:  these  ro-associaie  In  several 
steps  during  the  nucleatlon  phsse,  followed  by  the  elongation 
pMM,  Nucleatlon  and  growsb  say  bo  considered  as  a  two- 
dtsenslonal  pz'ocoss,  constrained  to  the  surface  of  a 

cylinder.  This  Isplles  that  asscsblv  Is  non-hellcai  oven 
though  the  product  has  a  near-reltcal  structure.  The  overall 
process  eay  be  described  In  terms  of  the  theory  of  helical 
nucleatlon-o&r.densatlon\  but  there  are  several  additional 
features.  As  an  exaupie,  we  have  studied  the  -elatlonshlp 
between  overshoot  asseebly  and  polyoorphisn.  with  strictly 
helical  assexbly,  successful  nucleatlon  events  lead  to 
polymers  of  Identical  structure.  They  «ay  have  a  non- 
equUlbrlua  length  distribution  which  slowly  relaxes  towards 
equUibrlwi.  By  contrast,  ncn-hellcal  asscrbly  combined  nth 
kinetic  overshoot  may  leau  to  a  va*‘iety  of  structures.  Tnc, 
represent  s  non*equlUbrlux  length*  and  width-distrlL-ution 
but  are  not  assesbly  Inttmeolates.  Kinetic  overshoot  has 
been  observed  by  X-ray  scattering  using  synchrotron 
radiation,  and  the  structures  generated  during  that  phase 
have  been  studied  by  Uectron  ntcroqcopy.  Consequence}  for  a 
ceneral  asseably  schese  for  tubulin"  will  be  described. 
'Oosawa,  F.  (»97C).  iheor.  Biol.  69, 

^Handelkow.C..  Kandelkow.C.-M.  1  ?ordas„«.(19b3).T18£  8.  1,4. 
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X^RKTABSORPIIOK  A^T>’REI»rSmTrrOriIYOGLOSIN  DERlVATRESi 
THE  REUTIONSHIP  BETWEEN  FE-Lia\ND  DISTANCES  AND  MID-WINT 
POTENTIAL.  L.Carcla-Xrifeuezt,  L.Pwers^,  B. Chance. 

1-  KonunCoXo.,  St.Louls^KO,  2^  Bell  Uboretories*  Murray 
Hill*  KJ,  3-^  Unlv.  Pcnnsylvahia.  Philadelphia*  FA*  USA. 

Extended- X~ray  absorption  iirtc  structure  (EXAFS)  and  X-m; 
edge  spectra  of  several  nyoglgbln  derivatives  have  been  8>ea- 
sured  along  with  corresponding  oxidsilon-rcducclon  sld-polnt 
potential.  The  aultiple'scattering  region  (X^ES)  in  the 
spectra  distinguishes  high-spin  froa  low-spin  ferric  henes  at 
approxlaatcly  TlSScV  and  7180tiV.  Hlgh-spln  ferric  heaes 
(such  as  fluoride  or  forsatc  derivatives)  show  7155d?/7180eV 
ratios  of  1.4A;  whereas,  low-spin  ferric  heees  (such  as  azi/2c 
or  cyanide  derivatives)  show  ratios  of  0.67-0.69.  Myoglobin- 
iaidazole  derivative  has  a  71SSeV/7180eV  ratio  of  i.lO  Indi¬ 
cating  a  aixed  spin-state.  Differences  in  spin-state  are 
observed  in  the  Fe-L*  .Fe-hlstidine,  and  Fe-N(porphyrin>  atooic 
distances,  ^te  aid-point  redox, potentials  of  ayoglobln  deri¬ 
vatives  are  dependent  on  ligand  concentration  as  well  as  the 
type  of  ligand  bound.  Mid-poinc  po'tcnclals  were  acasured  at 
each  ligand  concentration  froa  0  to  O.ISO  Molar.  At  0.020  M 
ligand  concentration,  the  Eq  values  for  foraatc*  fluoride, 
azide*  and  cyanide  derivatives  were:  0.024*  -0.(103*  -O.llS  and 
-0.14S  volts,  respectively.  The  study  shows* that  the 
shortening  of  the  Fe-hl&tidlne  ani  Fe-ligand  distances  in  th< 
h«ae  core  lovers  the  sld-point  redox  potential  of  the  ayo¬ 
globln  coBpouoJ*  thus*  inhibiting  the  electron  transfer 
capability  of  the  heae. 
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LOW  RESOLUTION  STRUCTURE  DETERMINATION  OF  fi-LACTAMASB  I  FROM 
B.CEREUS 

B.  Saaraoul,  B.J.  Sutton,  R.J.  Todd  and  D.C>  Phillips, 
Laboratory  of  Mnlccular  Biophysics,  Departaent  of  Zoology, 
South  Pturks  road,  Oxford, UX. 

6-lactaease  1  froa  Bacillus  eercus  S69  crystallises  in 
space  ^rpup  C2  with  cell  distensions  a  «  143. 9$,  b  •  35. dA, 
c  »  52. ?A  and  ■  97.0®,  consistent  with  one  ojoleculo  of 
aolocuUr  weight  28,000  i*«r  asyraoetric  unit.  Cotaplete  data 
sets  froa  native  crystals  and  three  derivatives  (K2Pt(C204)2/ 
Sa(0Ac)3  and  MeH^Cl'  have  been  collected  to  a  resolution  of 
Using  synchrotron  radiation  at  L.U.R.E.  (Orsay)  and 
Darcsbury  Laboratory  for  the  first  three  data  sets.  The 
phases  de.*ived  froa  these  heavy  atoa  derivatives  were  used  to 
calculate  a  low  ($S>  r^ elution  electron  density  pap.  fho 
contrast  between  the  *  ein  and  the  solvent  is  good, 
allowing  such  of  tne  boundary  of  the  poleculc  to  be  defined. 
The  2.$a  resolution  sap  proved  to  be  less  readily  Inter- 
protable  in  detail,  and  efforts  are  being  sade  to  Improve 
the  <iuaUty  of  the  higher  resolution  phases.  A  thcec- 
dlaensional  data  set  to  2.5A  vis  also  collected  at  Daresbury 
Laboratory  for  the  substrate  ar^logue  6-6-broaopentcallanlc 
acid,  vhlch  binds  and  Irreversibly  inactivates  the  enzyica. 
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X-ray  diffraction  studj  of  toaato  strain  of  tobacco  nosalc 
virus  using  synchrotron  radiation. 

M. Tanleuchl^tY.Aacttlya^*  K.Wakabayaahl’^,  T.Tanlguchl* 

N. Harali  E.Hituzawa^,  Y.  Sato^*  and  Y.Kaalya^. 

1)  Departaent  of  Physics,  Faculty  of  Science,  Nagoya  Univer¬ 
sity,  Nagoya;  2)  Photon  Factory,  National  Laboratory  for 
High  Energy  Physics,  C*homachl*  Tsukuba-Cun,  Zboragt;  3) 
Departaent  of  Biophysical  Engineering,  Faculty  of  Engineer¬ 
ing  Science,  Osaka  University,  Toyonaka,  Osaka;  4)  Plant 
Pathology  Laboratory,  Faculty  of  Agriculture,  Nagoya irnlv.; 5) 
Department  of  General  Education,  Faculty  of  Engineering* 
Toyota  TechnoUglcal  Institute*  Nagoya  (Japan). 

The  toaato  strain  of  tobacco  mosaic  vlrus(TMV-T)  la  sig¬ 
nificantly  different  for  serological  properties  and  aalr.o 
acid  coaposltltws  froa  the  ordinary  straln(TMV-CM).  It  la 
of  Interest  whether  or  not  the  eolecutar  structure  Is  the 
saae  as  that  of  TMV-^.  X-ray  diffraction  using  synchrotron 
ts'dlatlon  can  provide  powerful  Infroaatlon  about  protein 
eoRfonutlon^  Oriented  gels  of  TMV^T  were  used  for  the 
experlaents  of  spall-angle  X-ray  diffraction  at  the  Photon 
Factory,  The  laage  processing  system  has  been  developed 
using  two  dl«»enslonal  Fast  Fourier  Transforaaclon.  The 
results  indlcatOythat  the  helix  pitch  of  its  protein  subumlt 
for  THV-T  Is  23  A  and  the  nxa^er  of  subunits  in  the  three- 
turn  repeat(69X)  It  almost  aase  as  In  the  ordinary  strain.  ^ 
However,  a  new  set  of  near-aerldlonal  reflections  with  a  34a 
period  were  observed  In  the  diffraction  pattern  of  TMV-T. 
Thus  the  prohibited  refrectlons  occur  on  the  2nd  and  4ch 
layer'-llnea  of  the  69  A  period. 
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ACUTE  CHANGES  IN  CNS  PLOOO  VESSEL  MORPHOLOGY 
AFTER  HIGH-ENERGY  HELIUM  ION  IRRADIATION 
2,  Karpfel,  L,  Tkadle5ek,  §•  Vlkllckd*  and  B.S, 
PeSoremcoT^Inst .  of  Blophyaica,  Czechoelovak 
Acad,  Sci,*  Brno*  Czechodlovakia,  and  rinet.  of 
Med.  and  Biol.  Probleae*  Ministry  of  Health* 
Oubna,  U.S.S.R. 

Wietar  rate  were  irradiated  with  4  GeV/nu- 
Cleon  helium  lone  produced  by  meane. of  a  eyn- 
chrophaeotron  of  the  Ooint  Iriet.  for  Nuclear 
Research,  Oubna*  with'S'doee  of  2  or  4  Gy,  After 
4  to  9  hours  or  three  days, a  perfusion  fixation 
was  performed. and  cerebral  cortex  eectione  were 
investigated  under  light  and  electron  aicro- 
ecopee.  Most  veeeels  in  the  eectione  showed  no 
eigne  of  damage.  In  eome  ceeee  there* was- a  di¬ 
lated  perivosculaity^pace:  a  comparison  of  ite  oc¬ 
currence  in  irradiated  and  control  animals  showed 
a  etatiatically  significant  increase  inMcoquency 
of  the  phenomenon  at  a  shorter  intorval  after  ir- 
radistion  with  the  larger  does.  Morphological 
analysis  electron  microscope  level  ehowed  that 
the  main  locality  of  damage  was  the  border  of  the 
perivaecular  foot  of  the  aetrocytee,  which  ex¬ 
hibited  various  degrees  of  oedema.  The  discussion 
stresses  the- peculiaritlee  of  the  interaction  of 
high-energy  helium  iona,  with  living  tisaue*  par- 
tlculerly  the  heterogeneity  of  the  distribution 
of  absorbed  energy. 
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EXPERIMENTAL  PROBLEMS  IN  TIKE  RESOLVED  X-RAY 
MEASUREMENTS  FROM  MUSCLE 

A.R.FaruQl.  MRC  laboratory  of  Molecular  Blolog, 

Hills  Road,  Caabridge,  CB2  2QH. 

tiae  resolved  X-ray  diffraction  acasureeents  froa 
euscle  is  a  powerful  technique  for  eliciting  dynamical 
structural  inforaation  regarding  the  aolecular  details  of 
the  contraction  mechanise.  The  developeeht  of  high 
intensity  synchrotron  sources  and  faster  nethods  of  data 
collection  have  nada  soee  of  these  aeasurcaents  possible. 
Ve  describe  a  data  acquisition  system,  based  on  a  high 
count  rate  sultlwire  detector,  for  recording  tlse  resolved 
data  to  Billisecond  time  resolution,  in  conjunction  with 
rapid  aechsnical  transients.  This  allows  one  to  perform 
experiments  in  which,  for  instance,  a  contracting  auseU 
Is  shortened  very  rspldly  and  the  changes  observed  in  the 
diffraction  pattern.  The  rate  constants  of  the  underlying 
cbcaical  reactions  require  that  the  oeasurements  be  done 
with  about  1  Dilllsccood  saapllng  tlae.  Special 
Interactive  graphics  software  has  bten  developed  to 
analyze  the  large  quantltites  of  data  from  typical 
experiments  and  extract  parameters  such  as  intensity, 
spacing#,  etc.  as  accurately  as  possible. 


198 

SOBSTRATE-COFACTOR  INTERACTIONS  FOR  vLYCOGC*  PHOSPHORVLASB  b} 
A  BINDING  STUDY  IN  THE  CRYSTAL  KITH  HEPTEJIXTOL  AND  HEPTULOSE- 
2 -PHOSPHATE 

P.J.  McLaughlin.  D.l.  Stuart*  H.M,  Klein,  N.C,  Olkonoaakus 
and  L.N.  Johnson,  Lab.  of  Molecular  Biophysics,  Zoology  Dept., 
South  Parks  Road,  Oxford  OXl  3P5,  U.K, 

The  role  of  the  co-factor  pyrldcxal  phosphate  in  ylycoget 
phosiHiorylase  b,  an  enzyme  which  catalyses  the  phosphorylysls 
of  glycogen  toHyleld  glucose-l-phosphato*  has  been  shown  to 
Involve  the  S*phosrhate  group  possibly  as  an  acid  base  ox  an 
•Icctrophtle.  However  binding  studies  in  the  crystal  have 
demonstrated  that  the  phosphate  of  the  product  glucose -1-phoe- 
^ate  Is  too  far  away  froa  the  co-factor  phosphate  to  yield 
my  structural  information  about  how  thlr  might  occu, . 

Recent  work  (Klein  et  a^*  To  be  published)  has  shown 
that  phosphorylase  in  th^  presence  of  Inorganic  phosphate  will 
catalyse  the  conversion  of  heptenltol  to  heptUlose-2- 
>hosphate.  The  Utter  compound  Is  a  dead  end  product  and  the 
Bost  potent  Irthibitor  known  for  i^sphoiyUse  (K^  *  24uN) .  ' 

If/  binding  of  hoptenitol  to  ci^ystals  of  phosphorylase  b  has 
xen  studied  at  3a  resolution,  A  crystal  was  then  Incubated 
«lth  hep<;;enltol  and  inorganic  phosphate  In  the  presence  of 
ictivators,  AM?  and  oligosaccharide  and  data  to  3a  spar.ng 
collected  in  2»Sh  with  the  Daresbury  S.R.S,  A  diff'^renee 
^»urltr  synthesis  revealed  that  the  product*  hepculose  2- 
>ho^hate*  had  been  foraKd*  Its  glucose  aoi^icy  Is  located  in 
I  similar  position  to  that  of  hcptenltol  and  glucose-l- 
jhosphate*  but  Its  phosphate  oxygen  U  only  2.7a  from  the  co- 
!actor  phosphate  oxygen,  and  It  is  assumed  that  there  Is  a 
Hydrogen  bond  between  them. 
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BXJiDIW;  OF  THE  OXIDISED  CO-ENZYKE  TO  6-PHOSPHO- 

CLDCCNATE  DEHYDROGENASE 

K.J.  Adaas#  S.  Gov«r,  K.C.M.  Pelly  and  R.W.  Pick«r^lU« 
Laboratory  of  Molecular-Biophysic$(  Departsont  of  Zoology^ 

South  Parks  Road«  Oxford)  OK. 

The  binding- of  the  oxidised  co*enzycc  NAOP*’  to  C- 
phosphogluconare  dehydrogenase  IC-PGDH)  is  being  studied  at 
high -resolution.  A  data  set  extending  to  2.7^  resolution, 
collected  using  the  Daresbur/  synchrotron  X-ray  source,  is 
being  processed,  ^tiaal  soaking  conditions  for  the 
crystals  were  found  to  be  S  ssM  NADP*^  for  24  hours.  Prelic- 
inary  results  at  4^- resolution,  using  the  saac  soaking 
conditions,  has*©  « iolded  a  difference  Fourier  which  suggests 
tiiac  the  aodc  of  binding  of  NADP*  to  C-PCOH  Is  different  froa 
that  of  KAO*^  in  the  NAD^  dependent  dehydrogenases  such  as 
lactate  dehydrogenase  and  glyceraldehyde  phosphate  dehydrog¬ 
enase.  ^thile  the  adenine  portion  6f  .nao**^  has  usually  been 
described  as  binding  in-a  hydrophobic  pocket,  the  binding 
site  of  KADP^  a3  considerably  core  hydrophilic,  the  adenine 
boicty  having  hydrophobic  groups  on  only  one  face.  It  is 
also  probable  that  the  coenzyae  conforsatlon  itself  is 
different  in  6-PGOH  froa  that  found  in  the  NAD*  cnzyocs. 

The  high  resolution  data  should  allow  a  detailed 
description  of  the  binding  of  the  coenzysxi.  The 
ieplieations  of  tne  difference  in  binding  will  be  discus led. 
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SZMULTAJffiOUS  BINDING  OF  SUBSTRATES  TO  GLYCOGEN  PHOSPHORYLASB 
b:  AN  X-RAY  CRYSTALLOGRAPHIC  ANALYSIS  OF  THE  UfTERACriONS 
BETVEEN  BINDING  SITES. 

J.  Hajdu,  M.S.P  Sansca,  Y.S.  Babu,  p.j.  McLaughlin,  D.Z. 
Stuart  a  L.N.  Johnson:  Laboratory  of  Molecular  Biophysics, 
University  of  Oxford,  Oxford.  0X1  3PS,  U.K. 

To  probe  interactiOfiS  between  the  catalytic,  nucleotide, 
and  glycogen  storage  sites  of  phos^orylase,  we  have  uxaain- 
ed  the  siaultaneous  binding  of  glucose- l-pho$phato  (G-l-P) 
and  aaltotriose  to  the  enzyac.  Catalysis  was  deaonstrated 
to  take  place  in  the  crystal.  The  usual  preblea  with  crack¬ 
ing  of  crystals  during  the  catalytic  reaction  was  ovezce»e 
by  choosing  cqullibriua  conditions  in  which  only  short  chain 
oUgosacljaride  products  fona.  Having  reached  chcalcal  eguil- 
Ibrlua,  i  disensional  data  to  2.8^  resolution  were  collected 
by  the  osciliatlon-Dethod  using  the  Synchrotron  Radiation 
Source  at  Oaresbury  Laboratory.  Analysis  and  sodeL  building 
on  an  Evans  &  Sutherland  Picture  Systea  ZZ  showed  the  ollgo- 
sacharide  bound  to  the  glycogen  storage  site,  G-l-P  bound 
weakly  at  the  catalytic  site,  and  phosphate  (forecd  in  the 
reaction)  bound  at  the  nucleotide  binding  site.  The  aodos 
of  binding  are  sceewhat  different  froa  those  observed  In 
separate  binding  studies  of  individual  substrates,  lapllc- 
atlons  of  these*  findings  In  a  possible  acchanlsa  of  the 
catalytic  reaction  will  be  discussed. 
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■5X00Y"  OP  CONFORMATZONKAL  CHANCES  OF  ENZYMES  BY  POLARISED 
PULSED  FLUORIMETRY  USING  SYNCHROTRON  RADIATION. 
F.Mtrola.J.C.Brochoo,LURE,Uolv«Patls-Sud,Qrsay, France 

Wheat  gera  Hexnkinsse  LI  Is  a  oonoaerlc  enzyae  endowed 
with  hysteretlc(Baeaonlcal)propertles.  At  pH  8.5,  thpN  free 
entire  has  bean  shown'to  exist  under  two  catalytically 
diffarant,  interconvertible/ font.  The  equillbriua  between 
these  foras  is  shlfted'by  catalysis  or  teaperatuce.  At  pH 
6.9,  In  addition  to  the  *aneaoDleal~  transition  above, 
another  equillbriua  has  been  postulated  froa  kinetic 
studies,  between  two  foras  of  the  binary  complex 
Eozyaeyciucose.  This  would  explain  the  regulatory 
properties  toward  a  aecond  substrate,  MgATP,  appearing  at 
low  pH.  This  last  feature  is  shared  by  Yeaat  and  Wheat  gera 
Hexoklnases.  A  hysteretle  aecanisa  has  also  been  proposed 
for  the  Yeaat  enzyae. 

Polarised  pulsed  fluorlaetry  studies  using  the  Photon 
Counting  technique  have  been  perforaed  on- Wheat  gera 
Bexoklnase,  at  various  tnperatures  and  pH.  The  fluorescence 
decays  of  Trypeophyl  residues  have  been  measured  with  an 
excitation  at  3C0cs.  The  fluorescence  anisotropy  decay 
aeasureaentc  lasted  typically  30  alnut'es.  At  pH  8.5,  we 
found  that  the  "aneaohical”  transition  itself  does  not 
Involve  large  structural  changes  in  the  protein.  At  low  pH, 
a  tcaperature-dependent  transition  of  the  Enzyte'Clueoae 
coaplez  can  be  detected.  Flexibilities  between  large  doealos 
of  the  structure  appear  when  the  teaperature  la  raised  froa 
~1*C  to  30*C.  Full  atandard  activity  la  retained  during  this 
structural  change,  which  could  be  related  to  the  one 
poaculated  froa  kinetic  studies. 
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<SYSTALL0C3RAPHIC  STUDIES  OF  MJNS  BEAM  TBYPSIN  IliHIBITOR  A.ND 
ITS  OeWPLEXES  WITH  TRYPSIN 

Guanq-da  Lin,  Reng-guang  Zhany,  You-wei  Yan,  *Dor>g-cai 
Liang,  Cheng-wu  Cbi,  Wcl-zhcng  Thng,  F^-lcog  T<m,  Ticn-chin 
Tsao,  Shanghai  Institute  of  Bicchendstry  and  ^Institute  of 
Biophysics,  Chlw^  Acadeny  of  Sciences 

Mung  bcacn  trypsL)  inhibitor  has  earlier  been  isolated, 
purified  and  the  prirary  structure  elucidated  in  Shanghai 
Institute  of  BiodKfdistcy.  It  is  a  Dowran-Birk  typo  inhi¬ 
bitor  consisting  of  72  a.'nlno  acid  residues.  Tbe  structure 
can  be  cleaved  into  two  active  domains  with  Lys-Scr  and 
Arg-Scr  as  the  respective  active  center.  This  inhibitor 
has  been  czystallizcd  in  two  crystalline  forms.  0:^  is 
tetragonal  with  unit  cell  of  sjtnretry  P4j22  (or  P4322>  and 
dimensicris  a  a  b  »  49.2  A,  c  a  iS8.i  K,  each  asyrmctric 
unit  containing  three  molecules  (n  a  3j ,  Another  is  orthor- 
harbic  with  unit  cell  of  synretry  P2i2i2  and  dimensions  a  a 
39.6  A,  b  57.2  A,  C  «>  52.0  A,  n  2.  TWO  crystalline 
forms  of  the  cerplex  of  this  inhibitor  with  porcine  trypsin 
at  a  molar  ratio  of  1  :  2  were  obtained.  One  of  thoa  is 
tetragcnal  with  unit  cell  symmetry  1422  and  dimensions  a  » 
b  «*  112,4  A,  c  «  113.4  A,  n  o  1.  The  crystal  of  the  ccrrplex 
of  Lys-Sor  active  dorrain  with  bovine  trypsin  Is  orthorherbic 
with  unit  cell  of  symmetry  P2ji2)2,  and  dimensions  a  s  $2.9 
A,  b  »  63.4  A,  c  e  69.7  A,  n  *»  1. 
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SMALL  ANae  X-BAY  SCAHERINO  STUDIES  OF  PARVAL8UMIN  IN 
SOLUTION 

>S.R.  Hutbapd.  ‘S.  Ocniach,  *K.O,  Hodgson,  0«paric«nls  of 
‘Applied  Fnyslcs  and  *Cbea!slrjf,  Stanford  UnlvarsUy, 

Stanford,  California,  USA. 

Ssall  anglt  X-ray  scattering  (SAXS)  aeasureaents  have 
been  aade  on  aolutlona  of  tho  calclua-blndlng  protein 
parvelbualn.  Data  have  been  collected  at  the  Stanford 
Synchrotron  Radiation  Laboratory  (SSftl)  on  the  setal-free 
protoin  and  the  protein  with  two  bound  Ca(IX)«  There  is  a 
neasurable  decrease  in  the  radius  of  gyration,  on  the  order 
of  IKt  in  going  froa  the  cetal-free  to  the  CaClD-loaded 
protein.  At  larger  scattering  angles,  out  to  s«0,09A'** 

(s-2sin(e/2)/A),  the  scattering  curves  are  virtually  the 
sase  for  the  two  protein  foraa.  To  coapsre  the  structures 
in  solution  and  in  the  cryatalline  state,  we  are  calculating 
the  theoretical  SAXS  curve  using  the  atoato  coordinates 
derived  frea  X-ray  crystallography.  The  electron  density  of 
the  solvent  is  taken  into  account  utilizing  a  "cube”  aethod 
to  estimate  the  excluded  voluae  of  the  nolecule.  The 
approach  is  siaiiar  to  that  used  by  PavlOT  and  Fedorov*. 


I 

1 


‘M.Yu.  Pavlov,  B.A.  Fedorov. 
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205  ORAL  PRESENTATION 

HIGH  RESOLUTION  SLIT-SCAN  ANALYSIS  OP  TWO 
PARAMETERS  IN  A  FLOW  CYTOMETER 

H.-UL.W«tT  and  W.G.Elsart 

Arb«itsgrupp«  Cytosiatrlc  d«r  Gacvllachaft  Tuar 
Strahlan-  und  Unnaltf orsehung 

Harranhaauaar  Str«2,  D  -  3000  Htnnovar  21, 

Wast.  Garnany 

A  flow  cytonatric  -ayatam  taking  up  to  64 
raamuramanta  along  tha  axta  of  aach  individual 
call  in  a  acanning  mcda  la  introducad.  Up  to 
15.000  particlaa  par  aac,  oriantatad  in  a 
aingla  fila,  paaa  an^  Illuminating  alit  with 
dimenaiona  of  I'aaa  than  ona  by  forty'  mierona. 
Two  indapandant  paramatara  may  ba  racordad 
aiffiultanaoualy.  'Fluoraaeanca  light  of  two 
wavalangth,  tha  axial  light  loaa  and  tha 
acattarad  light  ara ' accaaaibla  paramatara  at  a 
tiffia.  Uaing  f aat ■ photomul tipliara  and  -dlodaa, 
tha  ultrafaat  analog-to-digital  convaraion 
eofflbinad  with  high  apaad  cacha  mamoriaa 
providaa  64  dlgitizad  data  par  channal  for 
aach  partiela.  Data  ara  tranafarrad  into  a 
minieomputar  by  di'ract  mamory  accaaa. 
Advantagaa  and  limitationa  of  high  apaad  alit 
acanning  varaua  convantional  flow  cytomatry 
ara  diaeuaaad  uaing  biological  aamplaa. 
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OPTICAL  MICROSCOPY  USIKG  SCHLIEREN  TECHNIQUES  OF  DYNAMIC 
EFFECTS  IK  BIOLOGICAL  AND  MODEL  CELLS 

H.CoIbcck,  B.H.Blott,  L.l^.Braganza,  D.Mclvillc  and  F.Paul, 
Dcpartacnt  o£  Physics.  Souchaspton  Universiiy.  Highfield. 
Southsopcon,  UK. 

The  Bxeroscopic  exaaination  of  biological  oatorials  is 
conventionally  perforacd  cither  by  fixing  and  staining  cells, 
in  order  to  develop  contrast,  or  by  using  some  fora  o£  intei- 
ference  optics.  Such  tcchni<)ues  arc  necessary  because  in 
gcneral.biological  cosponents  are  not  significant  oapUtude 
objects  in  aqueous  solutions.  Interference  systeas  such  as 
the  Zernike  phase  contrast  mcroscope  or  the  Kosarski 
(poUrizing)systea  can  be  expensive  and  coaplicated  however 
and  staining  has  the  disadvantage  of  introducing  changes 
Into  the  biologicM  aatcrial  being  studied. 

We  have  developed  a  aicroscope  systen.  which  is- stra¬ 
ightforward  to  use,  capable  of  observing  tiac  varying  effects 
in  a  nuaber  of  biological  systcas.  The  aethod  is  .based  on 
the  Schlieren  principle  where  phase  gradient  info  Q^^on 
present  in  the  object  is  converted  into  aaplitudc  var«.ations 
in  the  iaage  plane.  Of  particular  interest  are  oorphologi- 
eat  changes  and/or  orientation  effects  in  synthetic  lipid 
resides  under  the  influence  of  aagnetic  field  at  various 
temperatures.  Other  applications  of  the  technique  have 
been  the  observation  of  red  blood  coll  aotion  and  the  rup¬ 
ture  of  black  lipid  accbxancs. 
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X-RAY  ANALYSIS  OF  CELL  FLUID  FROM  STRIATED  MUSCLE; 
CALCIUM  AND  MAGNESIUM.  David  Maughan.  Department 
of  Physiology  &  Biophysics,  university  of  Vermont, 
Burlington,  Vermont  USA 

MicrosampUng  and  X-ray  spectroscopic  methods 
were  used  to  measure  the  freely  diffusible  frac¬ 
tion  of  total  intracellular  calcium  and  magnesium 
in  freshly  isolated  frog  semitendinosus  muscles. 
Single  fiber  segments  wore  manually  skinned  under 
oil  and  0.2  nl  droplets  of  isosmotic  sucrose  sol¬ 
ution  were  placed  on  each  fiber  and  allowed  to 
equilibrate  with  the  cell  fluid.  The  time  constant 
for  the  uptake  of  Ca  was  10.1  min  (prominent  slow 
component);  of  Mg,  0.8  mln%  X-ray  spectroscopic 
analysis  of  droplets  from  11  relaxed  fibers  yield¬ 
ed  mean  extrapolated  equilibrium  values  of  1.0  mM 
(Ca)  and  5.8  m.H  (Mg).  X-ray  spectroscopic  analysis 
of  whole  muscle  extracts  yielded,  after  correction 
for  extracellular  fluid,  3.2  xrM  (Ca)  and  13.8  mM 
(Mg).  Thus,  about  one-third  of  the  total  intracell¬ 
ular  Ca  and  about  ono-half  of  the  total  intracell¬ 
ular  Kg  is  freely  diffusible  and  equilibrates  with 
a  microdrop.  These  diffusible  fractions  include 
the  important  regulatory  ions  Ca2+  and  Mg2+  and 
their  ionic  complexes  (mostly  Ca-parvalbumin  and 
Mg-ATP) .  Non-diffusible  fractions  include  counter¬ 
ions  restricted  to  the  vicinity  of  fixed  anionic 
charges  on  structural  proteins  and  ions  incorpor¬ 
ated  into  fixed  proteins  and  organelles.  Supported 
bv  NBREM  (Harvard),  C.  Lecheno,  Director. 
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LIGHT  SCATTERING  QIAWSES  .^SOCIATED  WITH  SECRETION  AT  THE 
NERVE  TERMINALS  OF  A  MAM1ALIAN  NEUROJIYPOPHYSIS. 

A.L.  Obaid,  H.  Gainer  and  B.H.  Salzberg.  University  of 
Penn^lvania  (Philadelphia)  and  N.I.H.  (Bethesda),  U.S.A. 

we  have  fov»d  changes  in  the  opacity  of  tha  unstained 
mouse  (CD-I)  neurohypophysis,  following  cieribrane  potential 
changes  known  to  trigger  the  release  of  peptide  hormones. 
These  optical  signals,  recorded  without  signal  averaging 
as  transmitted  intensity  changes  in  the  image  plane  of -a 
cotfjound  microscope,  reflect  variations  in  large  angle 
light  scattering  rather  than  absorbance,  as  indicated  by 
their  very  weak  wavelength  dependetice.  The  magnitude  of 
these  signals  depends  upon  the  frequency  of  stimulation 
and  the  (Ca++lo-;  it  decreases  in  the  pres«ice  of  Ca*+ 
antagonists  and  it  is  enhanced  by  known  secretagogues. 
These  observations  strmgly  suggest  a  correspondence 
between  the  optical  changes  and  the  secretory  activity. 
Identification  of  the  event(s)  responsible -for  the  opacity 
changes  most  await  precise  measurement  of  light  scattering 
per  s&.  However,  the  weak  wuvel^th  dependence  of  these 
signMs  contrasted  with  the  strong  wavelength  dependence 
of  the  extrinsic  absorption  signal  provided  by  linear 
potenticRietric  probes  (o.g.  merocyanines) ,  permits  coe  to 
monitor  simultaneously  ,  in  a  stained  preparation,  the 
secretory  events  and  the  local  morrbrane  potential  changes 
that  regulate  thoa.  Supported  by  USFHS  grant  NS  16824. 
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SURFACE  ARCHITEimiRE  OF  THE  LARGE  INTESTINE  IN  SUCKLING 
RATS.  A  SCANNINING  ELECTRON  MICROSCOPIC  STUDY 
R.  5egovl6-Hih>llovl6.  Lj*  fiadaaoTlb,  Dj«  Poll£, 

S«  Sniil6,  S*  OaauiOTii  iiad  LJ,  LJuaesi,  Instltata  of 
PbjalologT,  Faculty  of  Medicine,  Belgrade,  Yugoslavia. 

The  surface  ehexacterlstles  of  the  rat  large  inte¬ 
stinal  Bueosal  spithella  within  15  days  of  auekllng 
under  postpraadlal  eendltlon  aad  after  fasting  were 
studied  by  scanning  electron  alcroseopy*  A  wide  range 
of  variation  in  aueosal  surface  structure  is  seen  in 
caecttD,  colon  and  rectua  depending  mostly  on  the  age 
aad  sex  of  snekllng  rats*  Some  individual  differences 
in  surface  patterns,  probably  due  to  the  aodellng 
activity  of  the  suseularis  aueosae  is  also  observed. 

The  sost  strll^Dg  observation  is  the  existence  of  villi 
in  the  colon  during  the  first  week  of  postnatal  life 
which  are  not  present  later  on.  The  fasting  affects 
tbs  else  and  shape  of  theee  villi  aad  increases  the 
loss  of  surface  epithelial  cells  ia  all  parts  of  the 
large  iatestiao*  Ultrastruotural  oytologioal  aaalysis 
shows  that  ia  suckling  rats  the  aierovilli  of  absor¬ 
ptive  cells  are  thinner  and  Bore  eloeely  packed  than 
those  ia  the  adult  aniaal*  Besides  the  nuaerosa  goblet 
cells,  the  presence  of  tuft  cells  has  been  noticed, 
partlculary  in  15  days  old  rats* 
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MOBPBOLOQY  OF  GASTROINTESTINAL  CXXL  LOSS  IN  UCTATINO 
AND  SUCKLING  RATS.  A  SCANNING  ELECTRON  MICROSCOPIC 
ANALYSIS 

S.  SuEi6>  Dj.  Folid,  S.  Oeaaaovii,  E.  Ljuaeel, 

Lj.  Radunovli  and  R*  Segovid-MibailovU,  Institute  of 
Physiology,  Faculty  of  Medicine,  Belgrade,  Yugoalavla* 
The  gastrointeetinal  aueoaa  /QIH/  is  charaeteriBod 
by  high  rates  of  surface  epithelial  cell  /SEC/  loss* 
Eowevtr,  little  is  known  about  the  detaohiiat  of  ISC 
froB  epithelial  sheet*  Ve  have  used  scanning  electron 
BioroBOopy  to  study  the  Bodes  of  cell  loss  froB  rat 
OIK  within  15  days  of  laotation  and  auokling  under 
postprandial  eondition  and  during  3  days  of  fasting* 
Our  studies  suggest  that  there  are  at  least  two 
distinct  nodes  of  cell  loss  from  this  auoosal  epithe- 
lluai  extrusion  and  degeneration  in  situ*  In  post¬ 
prandial  rats,  both  laotating  and  auekllng,  SEC  loss 
occurred  primarily  via  extrueion  of  indlvidaal  cella 
and  only  rarely  by  degeneration  in  aitu*  Soae 
differences  in  the  Inteneity  of  extrusive  proceee  in 
different  functional  parts  of  GIK  have  been  noticed* 
The  influence  of  duration  of  laotation  and  age  of 
■uokllng  antaala  also  has  been  observed*  Exposure  to 
fasting  results  in  an  inorease  in  the  ineldenee  of 
extrusive  ocll  loee  and  alee  in  the  incidence  of 
degeneration  In  situ  of  isolated  SEC  or  even  grou**' 
of  SEC,  partlculary  after  3  days  fasting* 
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CRITERIA  fOR  IN  SITU  IDENTIFICATION  OF  PEPTIDE  SYNTHESIS  IN 
CEILS.  G.C.  SirdHTT.  Pansky»  B.  Cordell  and  A.  Das,  Kedical 
College-of  Ohio,”  ioledo,  OH  43699,  U.S.A.  and  California 
Biotechnology,  Inc.,  Palo  Alto,  CA  94303,  U.S.A. 

iDT^nocytochenistry  is  an  accepted  nethod  for  localizing 
intracellular  peptides  provided  that  the  antisera  are  speci¬ 
fic  for  the  peptide  in  question.  Localization  laay  not,  how¬ 
ever,  be  synoqy^jous  with  synthesis.  Identification  of  sites 
of  specific  peptide  synthesis  requires  attention  to  other 
criteria  in  addition  to  localization  of  antigenic  determi¬ 
nants  including:  a)  localization  of  mRNA  in  situ  with  a  la¬ 
beled  cDNA  probe  that  is  specific  for  the  peptTde  in  question 
b)  synthesis  of  a  specific  labeled  product  in  tissue  culture 
by  the  cells  of  interest;  c)  identification  of  a  specific 
clone  in  a  cONA  library  obtained  from  the  cells  or  tissue  of 
interest;  d)  sequence  analysis  of  the  specific  cDNA  clone  or 
labeled  peptide  pi-oduct.  Using  ienur  cytochemistry  with  anti 
insulin  antisera  we  have  localized  in  ulin  or  insulin-Hke 
icr»inoreactivity  in  the  brain,  anter\r  pituitary  cells  and 
in  cells  of  the  retina.  In  addition  we  have  localized  speci¬ 
fic  radioactivity  in  the  cytoplasm  of  certain  anterior  pitui¬ 
tary  cells  following  in  situ  hybridization  with  P-32  and  H-3 
labeled  rat  insulin  c®.’These  data,  coupled  with  the  obser¬ 
vation  that  primary  cultures  of  anterior  pituitary  cells, 
when  provided  with  labeled  amino  acids,  can  synthesize  a  la¬ 
beled  peptide  resembling  insulin,  provide  evidence  in  accord¬ 
ance  with  the  criteria  outlined  above, that  insulin  or  a  high¬ 
ly  homologous  peptide  can  be  synthesized  by  anterior  pitui¬ 
tary  cells.  Identification  of  a  done  in  a  rat  pituitary 
cOrA  library  and  sequencing  analysis,  which  are  in  progress, 
should  orovlde  definitive  evidence. 
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OBJECTIVE  ASSCSSHENT  OF  CELLULAR  PARAMETERS  WITH 

THE  AID  OF  COMPUTERIZED  DIGITAL  MICROSCOPY 
P.CoItelH.  P.A.BeneJetti ,  V. Evangelista  and 
P.Gualtieri,  Istituto  di  Biofisica  CNR  Pisa  (Italy) 

The  perfornance  of  instruaentation  in  the 
quantitative  optical  analysis  of  oicroscopieal 
speeioens  is  being  progressively  iaproved  with  the 
use  of  the  conputer  and  nodern  techniques  for 
ieage  acquisition  and  proce<sing,  A  system  is 
described,  which  performs  various  spectroscopical 
and  structural  measurement  on  living  and  fixed 
cells  such  as  absorption  and  fluorescence 
spectrometry,  studies  of  kinetics,  optical  density 
integration,  morphometry,  etc.  The  apparatus 
includes  a  moving-condenser  scanning  device,  a 
photoarray  detector  and  a  chalnicon  camera  sensor 
for  versatile  data  acquisition.  KIgh-efficiency 
detection  of  faint  images  and  spectra  Is  being 
introduced  with  the  aid  of  electronic  multichannel 
spectrometry.  Spatial  scanning  and  other  relevant 
optical  conditions  are  under  computer  control 
during  the  measurement.  Application  oriented 
programs  drive  the  experiments  and  perform  data 
processing,  by  means  of  specifically  developed 
algorithms  and  display  procedures . 
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FURTHER  STUDIES  OF  URINARY  BLAODEA  HEXAGONAL  MEMBRANES 
FRACTURED  AT  HEAR  LIQUID  HELIUM  TEMPERATURES. 

J.  David  Robertson  and  Florence  B.  Stubbs.  Duke 
University  School  of  Medicine.  Durham  N.C.,  U.S.A. 

Our  laboratory  has  established  that  lEO  A  globular 
particles  seen  in  hexagonal  arrays  in  the  EF  faces  in 
the  luminal  membranes  of  mamalian  urinary  bladder 
membranes  represent  plastic  deformation  artifacts. 
(Robertson,  J.D.  and  Vergara,  J.,  1980,0. Cell 

Bio1.86:S14).  The  globular  particle  arrays  are 
sometimes  replaced  by  a  smeoth  hexagonal  pattern  if 
fractured  under  liquid  Ng  This  led  us  to  try  fracturing 
In  the  low  Kelvin  temperature  range  using  liquid  He.  He 
obtained  specimens  that,  in  some  cases,  displayed 
apparent  EF  patterns  that  were  very  much  like  previously 
observed  external  etch  (ES)  faces.  These  facts  were 
almost  exactly  complementary  to  PF  faces.  He  considered 
the  possibility  that  they  were  in  fact  ES  faces  but 
rejected  this  on  several  grounds,  including  the  fact 
that  the  replication  was  done  under  normally  zero  etch 
conditions.  These  finding  were  reported  briefly  (Proc, 
loth  Int.  Cong,  on  Elec.  Micros.,  Haeburg,  August 
17-24, ISBZ.)  Subsequent  study  of  membranes  labeled 
before  fracture  with  TKV  and  of  complementary  replicas 
have  convinced  us  that  these  faces  previously 
interpreted  as  EF  faces  are,  after  all,  external 
membrane  surfaces.  Supported  by  G.M282Z4  and  PCM 
8113764. 
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STRUCTURAL  ORGANIZATION  OP  PHAGE  INPECTIONING 
APPARATUS 

G«R,  Ivanitsky.  A.A.  Deev,  I*M.  Edintoov, 

A«A«  Khusalnov,  A.S«  Kuniskyi  M«A.  Tayganov, 

O.D*  Veprintaeva*  Inat.-  of  Phyaica, 

USSR  Acad.  Sci. ,  Puahchino,  USSR 

Structural  organization  of  basic  elements  of 
phage  tail  vras  studied  using  the  methods  of  elec- 
tron ‘microscopy,  diffraction  analysis,  optical 
and  digital  filtration  and  three-dimensional  re¬ 
construction.  On  the  basis  of  diffraction  analysis 
of  the'  phage-tail  (phage  H-17  Bac.pycoides)  at 
extended .and ^contracted  states  the  aifference  in 
the  parameters  of^helix  package  of  the  sheath 
subunits 'ffas  revealed.  Distribution  of  electron 
density  o?  the  structural  sections  determined  by 
direct  methods  of  three-dimensional  reconstructi¬ 
on  revealed  the  alterations  in  the  form  of  the 
sheath' subiknits  in  the  process  of  contraction. The 
analysis  of  'abnormal  (aberrant  forms  of  T4  phage) 
shovred  that  lack  of  modification  of  the  protein 
gene  product  12-as  well  as  the  tonds  of  baseplate 
with  a  core  induces  the  aberrant  contraction. 
Structure  and  mechonlsm  of  infectionlng-of  phages 
with  uncontractile  tail  were  studied  on  phage 
Mc-2  Corynebacterlua  glutamicum.  Reconstruction 
of  the  platioim  ana  ^stal  part  of  the  baseplate 
of  phage  T4  in  the  intact,  normally  reorganized 
and  aberrant  forms  elucidates  the  mechanism  of 
its  functioning. 
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USER  FOURIER  IMAGING  OF  LIVING  REACTION 

Shozo  Ishizaka  and  ToshiyuJei  Orano,  Institute  of  Biological 

Sciences^  University  of  Tsukuba,  Ibaraki,  Japan. 

The  cheaical  gradient  about  the  structure  in 
systen  has  been  imaged  by  a  specially  designed  Laser  Fourier 
Transfer.  The  structural  change,  the  diffusion  of  reactants 
and  products,  and  also  the  diffusion  of  reaction  heat 
fluctuate  the  electric  susceptibility  in  the  systea.  The 
distribution  of  the  fluctuation  diffracts  the  incident  light 
of  laser  beaa.  Then,  the  chenical  gradient  about  the  bio- 
structure  has  been  optically  Fourier  transfered  to  the 
diffraction  pattern.  In  the  Fourier  doaatn  on  freguencyand 
wave  vector,  the  cheaical  gradient  detected  by  the  Laser 
Fourier  Transfer  has  been  sitaplly  argcbraic  correlated  with 
the  experii&cntally  periodic  stiaulation.  Although,  in  the 
pictorial  tiae-spaco  ,  the  cause-effect  relationship  is 
conplioated  in  the  convolution  of  the  stinulation*  Xt  is 
found  that  the  Laser  Fourier  Transfer  can  bo  applied  to  tho 
i'Mgo  processing  on  the  living  systea.  During  chenical 
reaction,  tho  diffusion  of  reactants  and  products,  the  dlf- 
fusivity  of  reaction  heat,  and  also  tho  structural  change 
can  be  analyzed  by  neans  of  tho  relation  between  the  phase 
shift  and  frequency,  respectively. 


221  ORAL  PRESENTATION 

IKACE  RECONSTRUCTION  OF  UNSTAINED  FROZEN-HTDRATCD 
JUCROTUEULES.  E.-M.  Handelkow  and  E,  Kandolkow,  Hax-Planck* 
Inslttut  (Or  Bcdizinische  Ferschung,  Abt.  Biophysik,  D-6900 
Ketdalberg,  FRO. 

Hlcrotubules  rapidly  frozen  jn.vUrous  Ice  have  been  studied 
by  cryo-electron  alcroscopy’ Their  structure  Is  coepared 
with  that  of  negatively  stained  elcrotubules  and  X-ray 
speclaens.  Optical  diffraction  patterns  of  Ice-eabedded 
Blcrotubulea  and  X-ray  patterns  are  consistent  with  each 
other,  as  are  the  reconstructions  derived  froa  thea.  In  Ice 
the  resolutlocii  Is  Halted  to  2-3  na  because  of  low  contrast 
and  the  saall  nuaber  <wf  unit  ceils  diffracting  coherent!). 
Partial  denydratton  leads  first  to  a  collapse  of  the 
cylindrical  shape,  later  to  loss  of  substructure,  whereas 
with  negatively  stained  speclaens  the  substructure  Is 
reasonably  well  preserved  In  spite  of  flattening,  Frozen- 
hydrated  particles  reveal  a  supertwist  of  period  $-6  ua, 
present  In  tubules  with  13  or  U  protofllsaents.  Microtubules 
rapidly  frozen  during  dlsasseably  suggest  that  tubulin 
oligoeers,  in  addition  to  subunits,  break  away  froa  the  ends. 
Moreover,  dlsasseably  eay  proceed  free  within  the 
atcrotubules.  Indicating  that  the  aechanlsa  of  endwise 
dlsasseably  is  not  the  only  one  possible, 

'Dubochct,J.,  Lepault,J.,  Freeaan,R.,  Berrlaan,J.  A  Hoao,  J.- 
C.  (1932),  J.  Mlcrosc.  128,  219. 

Hllllgan,  R.A..  BrlssonT^A.  A  Unwin,  P.N.T,  (198k). 
Ultraalcroscopy  jju  In  press. 
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THE  SIZE  AND  SHAPE  OF  THE  HE.MOCLOBIK  OF  MaCROBDELLA  DECORA. 
0.  H.  Kapp.*  A.  V.  Creve,*  M.  C.  Mainvaring.P  and  S.  N. 
Vinogradov.#  *Enrlco  Feral  Institute,  Ihivcrslt)  of  Chi¬ 
cago,  Cliieago,  IL  60637  and  #Deparccent  of  Blochealscry, 
Vayne  State  University  School  of  Medicine,  Detroit, 

Ml  48201. 

The  heaoglobin  of  the  annelid  .leech  Maerobdella  decora 
vas  exaaihed  by  SDS  PAGE,  gel  filtration,  and  field 
eaisslon  scanning  tiansalsslon  electron  aicroscopy  (STEM). 
SDS  PACE  of  Che  unreduced  heaoglobin  shows  It  to  possess 
one  subunit  of  K{-  -  13  Kd  and  three  subunits  of  inter- 
aediate  size  (Mr  -  25,000  -  35,000).  This  SDS  PAGE  pattern 
differs  froa  the  SDS  PACE  patterns  of  aost  oligochaete  and 
polychacte  heaoglubins  in  that  it  contains  no  band  corres¬ 
ponding  CO  the  generally  ubiquitous  50,000  subunit.  Nega¬ 
tively  stained  preparations  of  the  heaoglobin  were  cxaalned 
in  the  STEM  operated  in  the  dark  field  aode.  The  aolecule 
displays  the  characteristic  tvo-tiered  hexagonal  appearance 
fomd  in  other  annelid  extracellular  heooglobins.  Diacn- 
sions  of  310  X  205  A  were  obtained  froa  the  conputcr  sueaed 
and  averaged  ioages.  Using  an  IBM  4341  and  a  prograa 
written  in  APL2  Inexact  3D  reconstruction  vas  atcespted 
using  three  ori...tations.  The  stibsequent  oodel  correspondco 
closely  in  gross  structure  to  a  cadel  of  Ltglbrlcus  obtained 
using  a  sittllar  algorltho.  Supported  in  part  by  grants 
HL-25952  (to  SNV)  and  froa  the  Departaent  cf  Energy  (to 
AVC), 
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A  ^  IMAGE  PROCESSING  SVSTEM  FOR  STEM  IMAGES. 

G.  R.  McKaaara,  0.  H.  Kapp,  T.  A.  Barrett,  P.  E.  Mooney, 

J.  Xioen,  and  A.  V.  Crewo.  Enrico  Feral  Institute, 
University  of  Chicago,  Chicago,  XL. 

We  are  developing  a  aenu>drivcn  iaa5e  processing  systea 
for  analysis  of  digital  iaages  froo  our  existing  STEM  and 
for  future  uso  with  our  0,5  A  STEM  presently  under  con¬ 
struction.  Tho  systea  tuns  on  an  IBM  4341  aainfraae 
(10  Mbytes  RAM,  4  Gbytes  disc)  and  eaploye  a  Metheus  .44400 
display  generator  to  provide  high  resolution  (700  x  1024 
pixels)  black  and  white  and  color  displays,  ihlo  systea, 
which  is  operated  through  a  conbinaticn  of  aouse-driven 
cursor  and  cooaand  menus,  presently  encorporates  routines 
for  sunning  and  averaging,  fast  Fourier  and  Walsh  trans¬ 
forms,  various  filtering  molhods,  correlation  techniques, 
as  veil  as  a  thrio-diaonsiorti  reconstruction  algoritha^^^ 
for  biological  objects.  We  have  used  this  system  to  per¬ 
form  a  stochastic  3D  reconstruction  of  the  giant  heaoglobin 
of  lAuabricus  terrestris  using  only  three  projection  oricn- 
tations.  The  model  suggests  tho  ptosonco  of  large  gaps  be¬ 
tween  adjacent  l/lZth  subunito  of  opposite  tiers. 

(^)a.  V.  Crewe  and  D.  A.  Crewe,  Ultraalcroscopy,  (Zn  Press). 
Supported  by  a  grant  froo  tho  Dopartrent  of  Energy,  we 
thank  IBM  and  Metheus  Corporations  for  assistance. 
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A  MODEL  FITTING  ALGORITHM. 

Joan  Aymanl,  Juan  A.Sublrana,  Unidad  dc  Ouinica 
Macroraolecular  del  CSIC,  Barcolo,na,  Spain 
and  Joachim  Frank,  New  York  State  Dept,  of  Health 
Albany,  New  York,  USA 

Vfc  have  developed  a  method  for  fitting  a  mass  oc 
electron  density  distribution  experimentally  obtal** 
ned  with  a  nDdel  containing  a  given  number  of  iden 
tical  subunits.  We  feel  this  method  may  be  of  ge¬ 
neral  interest  in  different  areas  of  Structural 
Biology. 

Essentially  tho  method  consists  of  minimizing 
the  difference  Fourier  batween  the  model  and  the 
experimental  distribution  using  a  least-squares 
method,  with  tho  three-dimensional  shift  compo¬ 
nents  of  the  subunits  as  fitting  parameters.  We 
have  written  a  pronr’io  to  solve  this  problem  for  a 
model  consisting  of  srheros,  which  can  be  used 
within  tho  SPIDER  package  of  computer  programs 
(Frank  ct  al.  Ultramicroscopy  6,  343,  1981)  in  tho 
analysis  of  three-dimensional  mass  density  distri¬ 
butions  reconstructed  from  electron  micrographs. 

Wo  have  used  this  program  with  excellent  re¬ 
sults  for  dctornlning  the  arrangement  of  nucleo- 
somos  consistent  with  a  thre*-d  .fcnsional  distri¬ 
bution  of  stain  density  w*.i  vas  obtained  from  a 
tilt  scries  of  electron  mi«  graphs  of  chromatin 
fibers. 
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STRUCTURE  OF  (Na+,K+)-ATPase  DETEiyUHEO  BY  ELECTRON 
MICROSCOPY  Afm  MIAGE  PROCESSING 

M.  Kohm,  C.A.  Rinder,  M.V.  Sfnpson  and  P.R.  Smith,  Dept,  of 
Ce^T  Biology.  NYU  School  of  Medicine.  New  York.  NY.  USA 

Menbrane-bound  {Na+.lC+)-.ATPase  fonas  two-dimensional 
crystals  in  buffer  solutions  containing  NaV03,  Na3V04  or 
K2HPO4.  Two  types  of  crystalline  arrays  have  been  observed. 
One  forin  has  an  as  rwnomer  (d*5.9nra,  and  the 

other  an  (a6)2  diner  (d»16.irn,  6»5.5nm,  per  unit  cell. 

Computer-filtered  images  of  negatively  stained  sheets  show  an 
asymetrical  mass  distribution  for  the  cx)lecule  consisting  of 
a  large  'body'  with  a  less  jussive  'hook'  extending  from  it. 

A  liolted  digestion  of  the  enz^i^  by  trypsin  leads  to  the 
cleavage  of  the  a  subunit  into  a  neabrane-bound  fragment  of 
77.000  daltons,  The  digested  enzyne  has  been  crystallized 
(a»5.6nra.  bs4.3np>,  li»66®)  and  the  comparison  of  its  cass 
distribution  with  that  of  the  whole  enzyme  allows  the 
identification  of  the  a  subunit  with  the  'body'  region  in  the 
filtered  image. 

Work  is  in  progress  on  the  three-dimensional  reconstruction 
of  the  mass  distribution  from  tilted  views  of  the  crystalline 
arrays.  Tilt  series  have  been  recorded  from  negatively 
stained  sheets  at  tilt  angles  up  to  CCfi.  Preliminary  results 
from  the  filtrations  indicate  that  there  is  consistent 
recovery  of  high -resolution  information  up  to  the  maximum 
tilt,  allowing  computation  of  the  structure  to  a  resolution 
of  at  least  22  A^. 
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STRUCTURAL  STUDIES  ON  CRYSTAaiNE  SOS  RIBOSOHAL  PARTiaES. 

K.  Uonard(a) .  T  Arad(a) ,  K.C.  Wittcann(b)  and  A.  Yorath(c) 

(a) E(^opean  Molecular  Biology  Laboratory  (EKBL),  Heidelberg 

(b)  H.P.I.  fuer  Holekolare  Genetik,  Berlln-Dahleo,  Germany 
(e)Wel2oann  Inat.  for  Science,  Rehovot,  Israel. 

Several  3-D  crystal  forms  for  B.  stearothersxsphilus  50s 
ribosecal  particles  have  been  obtained  by  vapour  diffusion 
using  organic  solvents  (1).  Single  crystal  X-ray 
diffraction  studies  show  that  crystalline  diffraction  is 
present  to  at  least  l.2na.  For  these  crystals,  which  are 
too  large  to  study  directly  by  electron  microscopy,  we  have 
inforsation  at  Icw-rcsolution  on  the  3-D  structure  and 
crystal  packing  from  image  analysis  of  epon-eebedded  thin 
sections  <2)« 

Sir^le-layer  crystals  of  50s  ribosoeaal  particles  which 
can  be  visualised  directly  in  the  electron  microscope  have 
now  been  obtained.  These  are  suitable  for  study  by 
negative  staining  and,  by  optical  diffraction,  have  a 
oaxlrwa  resolution  of  about  3.0no  ,  The  unit  cell 
dimensions  are  lN.5iO<3na  x  31.1tl.<lna,  ^  s  89t2*6^. 

Vc  have  now  carried  out  a  3-dimensional  image 
reconstruction  of  these  crystals  by  combining  tilted  images. 
Including  tilt  angles  to  ±60®.  Features  of  the  3-0  model 
car.  be  identified  with  the  low  resolution  surface  structures 
which  have  been  described  previously  for  the  50s  subunit. 

1.  Yonath  A.  ,Tesche  G«,  Lorenz  S.,  Hossig  J.,  Erciaann  V.A, 
Wlttcann  H.G.,  Febs  Utters,  (1983)  154,15-23. 

2.  Leonard  K.R.,  Arad  T.,  Tcsche  0.,  Erctaann  V.A.,  Uittoann 
H.G.,  Yonath  A.,  In  "Qectroo  Microscopy  1982”  ,  Int. 

Congress  in  Electroo  W.crQy.opy.  Haab’rg.  Vol.  ^  9-15. 
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STSVCTURE  or  THE  TRANSPORT  ATPasc  OF  SAROOPUSHIC.BETIC- 
ULfM  IN  WE  PRESENCE  OF  VANADATE  WNS.  Kenneth  Taylor^. 
U^^zlo  bux^  and  Anthony  Kartonoai**.  *D«pt.  Anat.»  Duke  Untv 
Med.  Ctr.,  Duthaa.  K.C.  27710;  ^Inst.  .Blochea..  Medical 
School.  Univ.  of  Szeged.  Hungary;  '^Dept.  Biochoa..  SUNY  Up- 
atate  Medical  Center.  Syracuse.  N.Y.  13210. 

Crystallinw  tuVulea  foraed  (too  skeletal  aufcle  aarcoplaa- 
alc  retlculua  eeebranes  after  treataent  tHth  vanadate  have 
been  used  to  deteralne  the  structure  of  the* Ca^  tranafort 
ATPase.  In  projection  the  denalty  nap  of'cryatalllne  tubutea 
negatlvelv  stained  with  uranyl  acetate  ao^  flattened  onto  a 
carbon  support  111*,  shows  ribbons  of  Ca^  -ATPaac  diners  that 
fora  right-handed  helical  tracks  around  the  surface  of  the 
cylinder.  The  projection  syssetry  Is  P2,  establishing  that 
the  crystals  are  sade  up  of  dlacrs  of  the  enzyae  (J.  Mol. 
Biol.  174.  193-2W,  19W). 

We  have  recently  extended  the  projected  attucture  to  a  3- 
dinensional  density  aap  that  shews  prlaarlly  the  cytoplasalc 
part  of  the  molecule.  No  density  was  observed  protruding 
Into  the  lualnsl  space  of  the  cylinders,  derpite^the  access!- 
bUlty  of  this  region  to  negative  stain.  The  Ca  -ATPase 
Bolecules  project  50-80A  above  the  cv^opUsatc  surface  of  tht 
aesbrane  bllayer.  The  bonding  of  Ca^  -ATPaee  eolecules  to 
fora  the  dlaer  creates  a  bridge  over  a  trough  of  negative 
stain  on  the  cytoplasalc  aide  of  the  aeabrane.  The  bonding., 
of  dlaers  Into  dlaer-chains  occurs  through  a  lobe  on  the  Ca  • 
ATPate  Bolecule  extending  along  the  "a**  axis  of  the  rrystal. 
Tne  center  of  this  connection  is  located  soae  2D-30  A  above 
the  surface  of  the  bllayer.  This  research  was  supported  by 
NIK  grants  CM  30598.  AM  26545  and  grants  from  the  KDA. 
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smcimi  STUDIES  of  Z-DIMENSICKAL  (HiYSTALS  OF  Aim  (3.L 
WALL  GLYCOPROTEIN'S  AND  HJOTOSYSTBi  11 
P.J.  Shaw.  G.J.  Hills  and  J.A.  Ilenwood,  Department  of  Cell 
Biology,  John  innes  Institute.  Colncy  Lane,  Norwich,  U.K. 

The  V'olvocalian  green  algae  possess  crystalline  cell  walls 
ccc^scd  of  hydrojoprolinc-rich  glycoproteins  similar  to  the 
primary  cell  wall  glycoproteins  of  higher  plants.  Electron 
microscopy  and  coirputcr  iwge  processing  have  been  used  to 
determine  the  crystal  structure  cell  wall  of  Chlomoniiza 
elongatua  in  three  dimensions  to  a  resolution  of 
The  structure  is  composed  of  heterologous  diners.  Each  sub¬ 
unit  of  the  dimer  cerises  a  long,  thin  spacer  dcoarn  and  a 
large  globular  detain  which  is  the  site  of  the  intra-  and 
inter-dimer  interactions.  Tlrcre  arc  also  sites  of  inter¬ 
subunit  interactions  at  the  opposite  ends  of  the  rod  domains. 
Kb  suggest  that  the  rods  arc  conposed  prbdcainantly  of 
glycosylated  polyprolinc  helix,  as  has  been  suggested  for 
higher  plant  cell  wall  glycoproteins  and  has  been  shown  for 
the  cell  wall  glycoprotein  of  (Manydernonas  reinhardii,  whicl 
is  closely  related  to  Chlorogcniua. 

The  barley  mutant  viridis-zb*-^  entirely  lacks  photo^stenl 
(1).  Regular  arrays  of  particles,  thought  to  be  j^tosysten 
II  arc  frc<iucntly  seen  in  the  grana  of  this  mutant,  and  vo 
are  using  image  processing  of  ncg.'itively  stained  m^rancs 
to  study  the  stiucture  of  these  arrays. 

(I)  Hiller,  R.G.,  Mellcr,  B.t*,  Hoyer-Hansen,  G.  (1980). 
Carlsberg  Res.  (Jwm.  315-328. 
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LASER  FOURIER  MOLPHOHETRY  ON  CELL  SURFACE  WITH  MICRO  SPHERES 
BOUND  BY  KEANS  OP  WfflCEN-AlITIBOOY  REACTION  TO  SPECIFIC 
SITES. 

T.H&vAshi.  F.Igarashi,  H.Kasago  and  S.IshUaka,  Inst,  of 
Biolo9ical  Sciences,  University  of  Tsukuba,  Sakura-uura, 
Ibacagl,  Japan. 

It  Is  a  problem  to  detect  distribution  of  the  specific 
sites  on  the  cell  sieAbreno  that  has  too  snail  nuabor  to  find 
then  fluarescently.  Now  it  is  reported  that  the  distribu¬ 
tion  of  highly  refractive  nicro  spheres  of  poly-styrene  with 
the  sane  size  bound  to  the  coll  surface  by  means  of  the 
antigen-antibody  reaction  to  specific  sites  should  be 
aeasured.  The  distribution  of  nicro  spheres  was  iUuninated 
in  a  plane  paralell  bean  of  LASER,  the  diffraction  pattern 
of  each  nicro  sphere  were  concentric  about  optical  axis. 
The  difference  of  the  incidental  phase  and  scatterd  path 
length  dependent  on  the  position  of  each  micro  sphere  causes 
to  the  interference  fringes  on  diffraction  pattern.  The 
interference  fringes  w-ere  photographed  and  also  cotnputor- 
sisulated.  The  orientation  of  each  micro  sphere  extracted 
froa  the  center  of  interference  fringes,  and  the  distance 
bitween  -ach  olcro  sphere  obtained  froa  a  interval  of  the 
interference  fringes.  It  is  found  that  the  distribution  of 
specific  sites  on  coll  surface  could  be  aoascred  by  LASER 
Fourier  Molphoaetry  on  the  spacing  of  nlcro  spheres  bound  by 
Bcan  of  the  antigen-antibody  reaction. 
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CaHPUTER  AVERACIKO  OF  E.  COLI  70S  MOKOSOMES 

A.  Verschoor.  J.  Frank,  and  T.  Vagenknecht.  Center  for 
Uboratories  and  Research.  New  York  State  Departaent  of 
Health,  Albany.  NY  12201  USA. 

Although  the  70S  taonosoeo  is  essentially  globular,  one 
projection  (or  narrow  range  of  projections)  seen  in  electron 
alcrographt,  tho  overlap  view,  is  aaenablo  to  Inago  averag¬ 
ing,  duo  to  its  dlatlncttvo  features  and  the  nore  or  less 
stable  position  of  the  particle  on  the  grid.  100  individual 
overlap  laages  obtained  froa  5  micrographs  (0.5X  UA  stain, 
•ingle- carbon  preparation)  wore  aligned  using  correlation 
tcchnlgujs.  Because  of  the  variability  In  tho  precise  angle 
of  vlev,  tho  aligned  iMges  were  grouped  by  sMltlvariate 
•UCistlcal  analysts,  and  averaging  was  done  only  over  aore 
hoaogen^>us  subsets. 

The  averages  clearly  shoved  tho  characteristic  features 
of  tho  overlap  view:  the  main,  strongly  stain-excluding  por¬ 
tion  of  the  projected  particle  corresponds  to  the  3DS  sub¬ 
unit  lying  in  a  slanted  position  (that  we  previously  ID 
termed  tho  broad  view)  directly  against  the  grid.  The  50S 
subunit  fits  on  top  of  it,  on  the  side  facing  away  fr<xt  the 
grid.  Because  the  staining  is  (intentionally)  one-sided, 
Boat  of  t^e  50S  subunit  is  not  contrasted  and  is  thus  'In¬ 
visible';  typically  its  L7/L12  stalk  and  portions  of  its  head 
and  the  edge  of  the  body  below  the  stalk  can  be  seen. 

Supported  by  KIH  grant  1  KOI  CM  29169. 

Reference 

1.  A.Versehoor  et  al.  (1983)  Proc.  41  Ann.  HCr.  EMSA  pp  758-9l 
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PROPOSAL  OF  ?HB  KEV  MODE  OP  ACTIK-KWSIN  XHTERAOnOS  UiD 
THE  MYOSIN  BINDING  SITES  OK  THE  MUSCLE  THIN  PIlAHESTS 
T.  Vakabayashl.  C.  Toyodhl&a,  A*  Toaloka  and  K.  Tokunega, 
LopartBentTf  ’Physics,  Faculty  of  Science,  Unlveralty  of 
Tokyo,  Bunkyo-ku,  Tokyo  Japan. 

Localization  of  actin  sonoaer  in  the  thin  fllaaent 
decorated  vlth  ayoain  St  vas  deterained  hy  coaparin^  the 
iadroved  three«diaenaloaal  leaAa  reconstituted  fron  the 
elecEroa  aicrographs  of  actin-tropoayosln-troponin-Ca  fila- 
centd  vhicb  are  straight  over  the  stretch  of  about  4,000  A 
and  coapared  with  that  of  actin- tropoayosin-ayosin  Si 
coaplex.  The  resolution  of  the  foraer  becaae  about  15  A 
both  in  axial  and  radial  direction  and  is  coaparablo  with 
that  of  vhe  latter.  This  ieproveaent  aade  it  easier  and  aore 
unanbiguous  to  interprete  tho  aodel  of  actin-tropoayosis-Si. 
It  vas  shovn  that  both  A  and  B  doaains  (defined  in  ref.l) 
are  a  part  of  the  thin  filasent.  Detailed  slailarity  of  the 
density  distribution,  especially  the  existence  of  the  low 
density  region  In  the  Biddle  of  actin  aonoser  in  both 
ridels,  supports  this  new  interpretation.  Si  binds  aainly 
to  the  upper  right  half  of  the  outer  side  of  actin  aonoaer 
shovn  in  the  Plate  Vll(b)  or  in  the  bottoo  of  the  Plate  Yl(a) 
of  rof^S,  though  the  strongest  interaction  eeeas  to  occur  at 

ithe  Biddle  of  the  outer  side  of-actin  aonoaer.  This  inter¬ 
pretation  also  shows  that  the  s-band  direction  is  upward  in 
the  the  Plate  VI(a)  of  ref. 2.  It  is"”interesting  that  the 
isubdoaain  B2  (defined  in  ref.3}  can  be  Interpreted  as 
'  tropomyosin.  Since  this  subdoaain  seeas  to  interact  with 
'  the  tip  of  Byosin  SI,  actin-ayosin  interaction  can  be 
sensitive  to  the^position  of  tropoayosln. 

REFERENCES  (l)  Vakabayashl  d  ToyoshiaaCi^Sl)  J.  Bicchea.  90. 
m,  (Z)  Vakabayashl  et  al.(l975)  J.  Kol.  Biol.  93,  477. 

(3)  Vakabayashl  et  al.(l983)  ACTIKsStructure  andTunction 
in  Muscle  and  Non-Muscle  Cells,  pp.27,  Acadealc  Press. 
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STRUCTORAL  COMPARISON  OF  NATIVE  AND  LIPID-DEPLETED  PURPLE 
KEHBRANE  R.M«  Glacser,  J.  Jubb  and  R,  Henderson,  MRC  Lab. 
of  Molecular  Biology,  Hills  Road,  Caabtidge,  U.K. 

Electron-diffraction  and  high  resolution  (low  dose) 
imaging  have  been  used  to  obtain  the  projected  structure  of 
purple  aeebranc  after  partial  reooval  of  lipids  by  extraction 
with  5  to  10  percent  sodium  deoxycholate  (DOC) ,  DOC 
extraction  results  in  a  shrinkage  of  the  lattice  of  glucose 
embedded  purple  membrane  from  62.4  %  to  57.3  X.  Only  a 
very  small  change  occurs  in  the  visible  absorption  spectrum, 
but  there  are  large  changes  in  the  diffraction  spot 
intensities.  Comparison  of  the  Fourier  naps  of  native  and 
DOC«extracted  aeabranes  shows  that  the  structure  of  the 
protein  aeneaers  and  of  the  protein*protein  contacts  within 
trieers  is  not  aeasurably  altered  after  lipid  depletion. 

The  decrease  in  lattice  paraacter  is  accounted  for  completely 
by  reaoval  of  a  boundary  layer  of  lipid  (between  triaers) 
which  is  one  molecule  vide.  The  positions  of  two  reaaintng 
pairs  of  lipid  oolecules  (l.e.  four  aoles  of  lipid  per  aole 
of  bK)  are  clearly  shown  in  the  asp  of  DCC^extracted  purple 
aeabrane.  A  comparison  of  the  native  and  DOC*cxtracted 
structures  suggests  that  at  least  part  of  the  boundary  layer 
of  lipid  in  the  native  membrane  eust  be  crystallographically 
ordered,  since  long  range  order  is  established  across  a 
protein'lipld'*protein  interface  and  there  are  no  protein- 
protein  contacts  between  triaers.  However,  the  positions  of 
ordered  lipid  nolccules  within  the  native  aeabrane  cannot  be 
assigned  uniquely,  unlike  the  case  of  the  DOC-extraeted 
aeabrane. 
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Electron  Hicrqscopy  of  DNA  Binding  Proteins.  W.  Chiu.  H.  A. 
Cohen7  R •  A .  dran tT  H7  F*.  ScBraid,  Jeng,  and  D.  Rankert, 
OeptT  of  Bi^eraVstry-anOept.  of  Kolewlar  and  Cellular 
Biology,  Unlv.  of  Arizona,  Tucson,  AZ  857^1. 

He  have  studied  the  B-diaensional  structure  of  T4  DNA 
helix  destabilizing  protein  (gp32*I)  and  of  RecA  protein  by 
electron  microscopy  coupled  with  computer  processing  tech¬ 
niques.  Gp32*I  binds  cooperatively  to  single  stranded  OKA 
and  can  substitute  for  gp32  in  an  in  vitro  replication 
systeo.  6p32*I  crystallizes  as  thin  platelets  at  low  ionic 
strength.  The  low  resolution  3-0  reconstruction  of  gp32*I 
crystal  shows  the  fnolecule  to  have  an  elongated  shape  with 
an  axial  ratio  of  4:1.  We  have  cnade  a  tentative  assignment 
of  the  doctain  of  the  oolecule  that  binds  to  single  stranded 
DMA.  The  projected  density  pap  of  ice  embedded  9p32*I 
crystal  shows  details  beyond  0.8  nmv<ith  an  average  figure 
of  merit  in  phases  of  0.8.  The  interpretation  of  this  nap 
requires  a  ccoplete  detemination  of  its  30  structure. 

RecA  protein  has  a  DNA-dependent  ATPase  activity  and  is 
involved  in  reccebination  in  E.  coli.  RecA  is  associated 
with  a  protease  activity  whicF  cTems  the  LexA  repressor, 
allowing  expression  of  the  SOS  genes  involved  in  OKA  repair 
in  £.  coli.  RecA  protein  tends  to  fom  helical  filaments 
under  proper  buffer  conditions  in  the  presence  of  ATPrS. 

He  have  determined. the  helical  paraneters  of  this  specinen 
‘and  are  completing  a  lew  resolution  3-0  reconstruction  of 
Uiis  filanent.  A  more  detailed  structure  of  the  RecA 
pononer  requires  microscope  data  to  higher  resolution. 
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CIRCADIAN  RHYTm  GENERATION  IN  A  NEURAL  NETVORK  CONTROLLED 
3T  ENVIRONXENTAL  CYCLE  :  Shuji  Endo.Oepartwnt  of  Technology^ 
Fukuoka  University  of  Education, l^nmta-shigFukuoka-ken, 
Japan*  Yohsuke  Kinouchi  and  Toaiyuki  Ushitd,Facut{ty  of 
En9lneering*TokushiBa  University*Toku$hlDa‘Shi, Japan. 

It  is  well  known  that  the  life  body  has  a  rhytha  of  about 
24'hours  in  period*!. e., circadian  rhytho.  Since  the  rhytha 
keeps  its  period  constant  under  the  the  environoent  of  no 
tioe  cue  and  has  the  property  of  re*entrainnent,1t  is 
considered  as  an  endogenous  and  autonocsous  rt^tha. 

Biological  and  oatheisatical  models  have  been  proposed  to 
analize  the  mechanical  of  circadian  rhytha  generation. 
Kowever*they  have  soine  difficulties  such  as  too  short  period 
and  no  corresponding  real  organization. 

In  recent  neurophysiological  research, the  neural  population, 
e.g.ithe  lobe, the  pineal  gland  and  the  suprachiasmatic 
nucleus,has  been  found  as  a  pacectaker  of  circadian  rhythm. 
Therefore  a  neural  network  model  which  is  able  to  generate 
circadian  rhytha  under  the  control  of  periodic  environaent 
is  proposed. 

Analysis  and  c(»puter  simulation  show  that  the  model  has 
some  important  properties  of  circadian  rhytha  such  as 
entrairvaent  to  the  periodic  environment  and  operation 
following  the  Aschoff's  rule. 
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A  VOJiil  JLK  i  ATHi5I',ATr;iiI,  iO.JBl  Or’  i-Ti-it  V  I 
iHG  OH  visual  I'lroiiKA'no'; 

Wang  Yun-»1iu  and  Han  Zho-hua,  Inst._  of  Siochysics, 
Academia  Uinlca,  Pekinp, 

If  visual  systcr.  is  considered  as  a  s/stem  of 
processing  image  information,  the  kernel  function 
plays  iopcrtant  7*ole  in  deacriDing  thin  svster. 

We  suggest  that  two-dinension  Gabor  functions  are 
suhahle  for  matheraatlcal  expre.tslon  ic'^ge  ear¬ 
ly  processing  system  in  vision.  Gabor  functions 
can  take  two  forms.  One  in  in  polvr  coordinate: 

C(r)cAco3(2»frt5)exp(-(rycV  ). 

Another  is  in  Descartes  coordinate: 
‘5{3C,y)»Acos(?7tf,  xr  ^,)cosi2«f,yt  fit ) 
ern(-(x/67 

In  the  case  of  kernel  function  getting  first  forr 
G(r),  Kuffler's  and  other's  on-,  off-center  k? 
and  rultl  annulate  can  be  represented  ouali^^a- 
tively.  In  the  second  form,  when  parameters  of 
G(x,y)  are  selected  propcrlv,  *ubcl— Aiesel's  kH 
and  some  others  can  be  reoresented.  rurthermore, 
considering  the  tcncoral  factor  of  the  visual 
system,  the  results  slrulatcd  with  this  rodel  are 
consistent  with  responses  of  sin^'le  ceil  in 
visual  system  to  moving  pa*-terns. 
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fHAXE  FCR  A  THEORY  OF  ELBCTRICAL  SIOWL  PROCESSUiG  Ul  VER- 
TffiRATE  RETINA.  R.  Itoreno  Dla2.  D^.  of  Cybernetics. 
UlrUv.  College  and  UrUv.  Pollt^lca.  P.O.  BOX  550  Las 
Palmas  de  Gran  Canaria.  Canary  Islands.  Spain. 

only  recorded  electrical  signals  are  considered  to 
be  the  substrate  of  inforaatlon  processing  and  ccrunlca- 
ticn  of  retinal  cells;  a  low  level  code  based  on  the 
shape  of  slow  potentials  and/or  the  Instantaneous  frecuen- 
cy  of  firing  is  assuned.  According  the  preposed  frarre, 
the  retina  is  considered  as  a  layered  processor.  Outer 
layers  (horizontal,  bipolar  and  cuter  amacrine  cells) 
provide  with  variously  delayed  and  laterally  translated 
veruiens  of  the  signals  given  by  photoreceptors.  Nonlinca- 
rlties  are  assuned  to  be  local  at  these  stages.  Ihe 
resulting  slgials  generate  an  "space-time"  input  space  to 
Imer  layers,  vhere  ganglia  sairple  the  informatten  direc¬ 
tly  or  via  amacrines.  Processing  there  takes  place  accor¬ 
ding  to  a  generalizatlcn  of  (he  centre-periphery  structu¬ 
re,  where  centre  and  periphery  corre^>ond  to  volumes, 
ccocentrlc  or  not,  wlthlng  the  input  space.  Processing  in 
each  volume  can  be  assumed  to  be  c^Klsl-llnca^,  whereas 
the  Interaction  betwen  signals  from  the  volumes  follows  a 
rxnlinear  or  even  and  algorithmic  rule.  When  (he  action 
of  perli^rlcal  volumes  Is  low,  sirrple  b^vlour  of  reti¬ 
nal  gar^Ua  results.  Specialization  and  colour  coding, 
even  in  the  cases  of  very  high  ^>eclalizatlon  (l.e. 
frog's  retina)  are  then  ccnse<^)ences  of  said  interaction. 


239 

KIITETlr  ANALYSIS  OF  THE  PHOTOrOHL'ERSION  PTiOCESSES 
IN  '  ISUAi  PICNENTS  FY  PirOSEOCNf)  SPEOTPCSCOPY 
J.H.ruchert.  n.R.A'fano,  Institute  of  Physics, 
A.tilckiewicz  University, PoznahjPo’ond,  Institute 
for  U’trafast  Spectroscopy  and  Lasers, City  Co’loee 
of  Now  York,.  USA, 

Absorption  and  f'uorescence  ro’axatlon 
kinetics  Iron  squid  rhodopsln  and  7-«:onbored 
artlflcla’  vlsua’  plr,»ent  were  studied  with 
slnp’e  picosecond  pulse  excitation.  The  transition 
of  rhodopsln  to  hathorhodopsln  occurs  on  the 
picosecond  tleo  scale  and  la  found  to  fora  after 
rhodopsln  or  Isorhodopsln  photo'ysls  within  the 
tine  resolution  /about  6  ps/  of  the  oqulpaent  at 
rooa  teaperature  with  apparent’y  paralle'.s 
hypsorhodopaln  production.  Kinetic  analysla 
Indicated  not  on’y  that  the  ll-cls  to  trana 
lacaerlzatlon  of  the  retinal  aolety  Is  a  crucial 
prlaary  event  In  the  photolysis  or  rhodopsln  but 
Is  also  established  that  this  Isoaorlzatlon  auat 
occur  on  the  picosecond  tine  scale  or  faster. 
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Ma-uivi>£  or  o-HtetcvTivE  vn'»  xa'onoiNC  to  tut  iHrtKvxL  at 

TIME  BUTWIEN  sJTJKUU/S.  t>{jg»CJl4vU_E. J. ,  PjwlJ.Hllitcr  H.J>. 
and  |P«rnanJ«2  tk’l  Moca!  K.  fa;,  Mo 

dlctn«,  U\tvcr»i>)aTl  Jc  Navarra.  StAlN. 
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w«ro 

wo  vir  tvo  idertticai  ocfsocutlvo  (ta^hc*. 
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b  and  c  «  cat  cc'ivstants 
i  «  tleo  In  M 
b.c  such  that  « 

A^  A.  loi  t  >  0.8  e. 
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^ypECTS  OP  ZINC  IONS  ON  THE^NEUROmrSCULAR  TRANS¬ 
MISSION  IN  FETUS, NEONATUS  AND  ADULT  ANDIAIS 
Mari.la  ge8er-Stgnkovl6«D.Stonkovi6  and  M.NaksS 
institute  of  rbysiology  end  Pathophysiology, Me¬ 
dical  faculty  University  of  Sarajevo, Tugoslavia. 

Investigations  of  the  effects  of  Zn^'^'cn  neu 
rosuscular  transtoission  in  fetuses, neonatuses  and 
adult  nice, rats  and  guinea-pigs  were  done. As  a  co 
nvenient  model  system  the  isolated  innervated  or¬ 
gans  stomach, esophagus, urinary  bladder  and  ductus 
defferens  were  used. Electrical  stimulations  were 
performed  by  means  of  RSE  Stimulator  II  using  the 
pulses  of  ^lo  oA  and  1  msec  at  lor2o  Hm  each  oi- 
nute.Hecording  aicrodynamometer  7050  have  been 
used  for  muscle  contraction -registrations. 

Results  have  shown  that  application  of  Zinc  ions 
at  lo~^mol  and  higher  concentrationa  causes  the 
reversible  increased  response  to  the  nerve  stimur 
lation  in  fetus  stomach  and  urinary  bladder, while 
in  neonatuses  at  the  same  concentration  it  induce 
s: reversible  inhibition  of  the  transmission  in  es 
opbagus  end  urinary  bladder, and  in  stomach  itoinv 
duces  increased  contractions  and  tonus  at^lo^'mol 
In  adult  animals  the  effects  of  Zn^^at  lo“'mol  as 
temporary  increased  responses  to  the  stimulation 
in  all  four  organs  used. There  were  no  differences 
in  type  of  reaction  between  different  species. 

/The  study  was  financially  supported  by  Repub¬ 
lican  Research  Council  Grant/ 
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EFFECTS  OF  LOW-INTENSITY  HILLIHETER  WAVE  RADIATIOH 
ON  eiOlOGICAL  SYSTEMS 

F,  Krecer,  C.  Koschaitzke,  A.  PogUtsch,  L.  Santo,  P.  Quick, 
0.  Sperber,  L,  Cenzel,  Hjx-Planck-lnstitut  fUr  Festkdrper- 
forschung,  Stuttgart,  Fed.  Rep.  Germany 

Our  previous  observation  of  a  non-thereal  Influence  of 
oQ-wave  radiation  on  the  puffing  of  giant  chromosomes  of  the 
midge  Aerkotopus  lucldus  is  now  extended  on  the  frequency 
range  between  40' GHz  and  80  GHz  (power  densltytsO  oH/cm*). 
The  effect  Is  manifested  as  a  reduction  in  size  of  a  speci¬ 
fic  puff  that  expresses  genes  for  a  secretory  protein.  The 
experiments  were  carried  cut  blind  and  the  effect  could  be 
established  to  a  level  of  significance  of  P^O.SX, 

In  another  set  of  experiments,  roots  of  cress  seedlings 
were  irradiated.  The  root  growth  was  measured  with  a  coerpu- 
ter  controlled  optical  system,  capable  of  contfnously 
measuring  the  position  of  the  growing  roots  with  an  accurac> 
of  ♦Spa.  Irradiating  the  roots  at  24  ^  0.5  with  m-waves 
of  T  power  density  as  low  as  2  cW/cn*~resulted  in  a  30X  de¬ 
cline  of  the  growth  rate  within  2  rain.  The  laicrowave-lnducec 
temperature  increase  was  less  than  0.2  *C.  The  effect 
strongly  <*epends  on  the  polarization  of  the  microwaves.  In 
additional  experiments  the  seedlings  were  irradiated  with 
infrared  radiation  (wavetength:>2pa},  A  similar  decrease  of 
the  growth  rate  was  found.  This  indicates  that  the  observed 
effects  are  of  thermal  origin  although  the  irradiation-in¬ 
duced  temperature  Increase  is  saall  on  a  physiological 
scale. 
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PARTIAL  SUPPRESSION  OP  UV-SENSITIVITY  BY  PLASMIDS 
IN  HAEMOPHILUS-  INFLUENZAE 

R*P.  Kaoade  and  N.K,  Notanl,  Biology  and  Agricul¬ 
ture  Division,  Bbabha  Atomic  Research  Centre, 
BoDbay-400085f  India, 

Plasmid  HSPOdd5  and  a  chimeric  pldsmid-pD? 
(consisting  of  HSF0d85  eoid  a.  splice  of  H.  influenzae 
cbronososal  DNA)  are  shown  to  suppress  TTv-sensl- 
tlvity  of  several  strains  of  H,  Influenzae  con¬ 
taining  them.  On  the  other  hand,  pjl-e,  a  plasmid 
derived  from  pD7  but  which  has  suffered  a  sponta¬ 
neous  deletion  in  a  region  of  RSF0885  does  not 
ameliorate  the  UV-sensitivity  of  these  strains.  A 
cblioerlc  plasmid  pJ1-8R19  consisting  of  pJ1-8  and 
a  splice  of  chromoBocal  DNA  bearing  nov^  (novobio¬ 
cin-resistance)  marker  also  does  not  confer  any 
resistance  on  the  host' strain.  Only  in  a  recom¬ 
bination-deficient  strain  reel,  both  groups  of 
plasmids  impart  some  additional  resistance. 

Higher  aurvival,  however,  is  unaccompanied  by  any 
significant  Increase  in  mutagenicity  by  UY  irra¬ 
diation.  Plasmids  isolated  from  UT-irradiated 
cells  barboi^lng  pD7  or  pJ1-8Nt9  and  plated  for 
genetic  transformation  showed  that  pD7  is  repaired 
to  a  cossiderable  extent  regardless  of  tbe  host 
strain  but  pJl-8H19  is  repaired  efficiently  only 
in  excision-proficient  strains. 
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BIOLOGICAL  INFORMATION  AND  COI-IMUNICATION  SYSTEM 
MODEL  OF  ECOSYSTEMS 

Masahiro  Tanaka,  Dopartmont  of  Physics,  Osaka 
Medical  collego,  Takaesuki,  Osaka  569,  JAPAN 

What  is  information  for  living  organisms?  An 
answer  to  this  question  is  given  on  a  physical 
basis  and  a  contrast  between  genetic  information 
and  sensory  information  is  stressed  with  a  relation 
to  information  theory.  A  simple  model  of 

environments  of  living  organisms  is  investigated  on 
the  basis  of  communication  system  model  proposed  by 
the  author  and  a  cost  of  information  transmission 
is  taken  into  consideration  through  capacity-cost 
theory.  It  is  shown  that  channel  capacity  of 
information  theory  can  bo  interpreted  as  an 
environmental  index  measuring  a  mildness  of  the 
environment,  and  furthermore  that  a  largo  diversity 
of  genetic  information  needs  a  large  capacity  of 
the  environment.  In  addition,  a  definition  of  life 
in  terms  of  information  is  proposed  and  a  unified 
view  on  life  processes  is  suggested. 
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7HS  EFFECT  OF  TEMPERATURE  ON  THE  EIECIRICAL  POTCSTIAL 
DIFFERENCE  ACR0S3  THE  GASTRIC  MUCOSA  IN  EVISCERATED  RAT 
STOMACH 

A.  Stlachcic.  A.  Prqesek,  Eeportsent  of  Dlophysioa, 
Medical  Aeadeay,  Xrakdv,  Poland. 

The  elentrieal  potential  difference  /FD/  between  the 
inner  and  the  outer  aldea  of  gaatrio  vail  la  maintained 
by  eleetrogenle  ionic  puspa  rtaponaible  for  the  lonio 
concentrationa  gradlenta  aoroaa  the  mucoea.  The  lumen  of 
the  stomach  la  always  negatively  charged.  Any  agent 
affeetliig  distribution  of  ions  changea  value  of  PD. 

The  aia  of  our  studies  vea  to  explain  the  influence  of 
stomach  temperature  on  TV.  the  experiments  were  performed 
In  anaesthetized  rata.  The  eviscerated  stomach  vae  dipped 
In  pbyaiologlcal  saline  which  was  cooled  after  every  60 
min  gradually  by  5  deg  from  35  to  15^C.  Tht  initial  value 
of  PD  /at  35  u/  was  32*3  -  1.2  mV.  After  each  change  of 
tesperatura  PD  atabllizvd  on  a  new,  lover  level  within 
about  50  Bin.  the  final  value  of  PD  /at  15  v/  was 
15.9  -  I.P  mV.  All  changea  of  PD  vara  statistically 
significant.  For  the  inveatigatad  range  of  teaparature 
a  lAntar  relation  between  TD  and  teeparature  vis  obtained 
and  it  might  be  deaerlbe  by  the  equatloni 
PD  «  0.5  ♦  1.044*t,  t  -  tesperatura  In  correlation 
coefficient  r  •  0.999*  the  changes  of  PD  upon  tesperatura 
were  raveralbla.  the  direct  elavation  of  tooperature 
from  15^0  to  35^0  resulted  in  reversal  increase  of  FD  to 
Ita  initial  value,  the  obtained  results  auggeat  that 
decreasing  yield  of  active  transport  in  lover  tesperatura 
la  the  main  factor  reaponaibla  for  observed  affects. 
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BIOlOOICAt  EFFECTS  OF  DISTURBED  OEOUAffilETIC  FIELD 
D.U.Ulkhov,  Institute  of  neurology,  Poyohlotry 
and  Ileurocurgory,  Sofia,  Bulgaria. 

For  o  period  of  six  conoecutlvo  yeors  1968- 
1973  I'o  studiod  the  offooto  of  the  geoaagnotlo 
dlsturDonooa  on  the  doath-rato  in  persons  nlth 
oeroDrovascular  disease  and  ioohonio  heart  disea¬ 
se,  in  children  up  to  tho  age  of  1  year  and 
adults  above  80,  in  persona  with  otosaoh  canoor 
and  in  persons  with  childbirth  injuries  and 
difficult  labour.  It  was  aado  an  atteapt  to  ova- 
luato  the  influenoe  of  tho  varloua  geonagnetio 
variations  over  the  mortality.  For  that  purpose 
1,0  used  a  method  of  the  least  squares,  the  Gauss 
aethod  for  solution  of  large  syatea  of  linear 
equations  and  a  heurlstlo  aethod.  For  the  first 
tlae,  it  was  dlsoovered  that  the  various  geoasg- 
netio  variations  have  a  diverse  blol.gioal  signl- 
floanoe.  It  turned  out  that  the  depenaenoe 
between  the  different  geoaagnetlo  fluotuatlons 
and  the  biological  effect  has  a  resononoe  oharao- 
ter.  nowever,  tho  geoaagnetlo  dlsturbanoes 
standing  in  the  alddle  of  the  range  of  all  geo¬ 
nagnetio  variations  eiert  a  blologloal  influenoe 
which  is  Buoh  more  oonsiderable  in  ooaparlson 
with  the  effoot  of  the  adjaoent  aloser  or  quicker 
changes  of  the  geoaagnetlo  field. 
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BUMWJ  BLADDER:  A  PRELIMIfJARy  STUDV  OM  VlSCOELASTICIW  AND  CM 
STR’JCTORAL  ORGANJZATrON  OF*  KACROMOLECULAR  COMPONENTS. 
C.AlbortinI*#  A.BlgiT  S.Melone;  G.Kuzzonlgro*,  M.Polito*#  A. 
RipaaontlT  N.Roverl7  P.Ruselch^lIi* 

*  Istltuto  dl  Fisica  M<»dica  -  University  dj:  Ancona  Italy 
‘  Istltuto  Chicslco  -  University  dt  Bologna  -  Italy 

*  Istltuto  dl  Patologla  dell'Apparato  Urlnario  University 
dt  Ancona  -  Italy 

*  Dlpart.  Sclcnre  Materlall  e  Terra  -  Unlv.  dl  Ancona  -  Italy 

Vlscc*elastlc  properties  ol  h>oan  bladder  are  studied  froa  a 
theoretical  and  an  experlaental  point  of  view,  Experiaenta^ 
ly,  cystcsetric  ceasuresent  are  performed  on  husan  bladders, 
rroa  a  theoretical  point  of  view  a  biophysical  aodel  Is  deve 
lopped,  based  on  Maxwell  and  HooVe  elooents,  worder  to  eva 
luate  the  data  of  the  cystoaetrlc  aeasuroMne.  Tho  structu 
ral  organization  in  the  bladder  of  various  s^croeolecular 
cosponents  of  interstitial  and  fibrocellular  nature  is  also 
investigated  by  X-ray  diffraction  techniques,  In  order  to 
derive  a  correlation  between  viscoelasticity  and  structure. 

In  particular  the  prelialnary  results  are  presented  on  coll^ 
gen  fibre  distribution  and  orientation  in  the  bladder  wall. 


EFFECT  0?  BWOWCIM  ON  RADIATION  SENSITIVE  HAPLOID  J.UT^NrS 
OP  SACCHAROhYCES  CBREVISIAB.  D.Kcszenoan  and  E.N'unes, 

Dept.  Biophysics.  Seh.Ked.  Kontevideo.  URUGUAY* 

The  effect  of  BIooDyein,  an  antltuuor  antibiotic,  which 
causes  single  and  double  strand  brealcs  in  DNA,  on  ^e 
kinetics  ol  population  growth  axid  on  survival  curves  of 
haploid  wild  type  and  radiosensitivie  strains  of  S*  cerevi, 
siae  was  analysed. Strains  H12?  (wild  iype),rad3,radI8  and 
rad  52  were  used. Growth  kinetics  is  significantly  modified 
by  the  diug  added  at  7.5lg/ai  to  YBD  batch  cultures  of  the 
four  strains  at  30^0,  being  rad52  the  sost  sensitive  one, 
showing  no  proliferation.Survival  cuzves  to  different  Blco 
fiycin  concentrations! .75-45fg/al)of  these  strains  exhibit 
two  cosponents  and  they  can  be  described  by  the  following 
eathesatical  sodol:  S»l(exp-C/C.>)*il-(l-oxp(-C/C  O  ] 
where  5:survival  fraction, C:Bleofiycin  concentration, Cqi, 
^^2  ^4  Nisensitivity  paraaeters  of  the  two  cosponents, 
Aifractlon  of  cells  without  Bleosycin  and  p:the  probabili¬ 
ty  of  DNA  repair. Under  our  experisental  conditions  cuta- 
tions  of  radld  and  rad52  genes  detersinate  slightly  chan¬ 
ges  in  the  shape  of  survival  curves.The  rad3  nutant  has 
wild  typo  resistance.Taking  into  account  the  effect  of 
Bleosycin  at  the  DOleeular  level  and  previous  results  on 
the  UV  and  x-rays  sensitivity  of  yeast, we  discusse  results 
on  the  basis  of  the  following  sodel  of  repair  pathways. 


Single  and 
double  strand 
breaks 


Pyriaidine  diz^ers 
JY  ;  group 


rad6  group 


rad52  epistasis  group 
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INFLUENCE  OF  ALUMINUM  OH  PRIMARY  MAIZE  ROOTS 
1) 

V.  Lazl<5,  V.Furtula,  M.Dcnld,  C.Radonovld 
Maize  Research  Inatltute  "Zeinun  Polje"  Belgrade 
1)  Institute  of  physical  ehemtstr/,  faculty  of 
science,  Belgrade. 

Growth  of  plants  on  add  soils  Is  often  redu¬ 
ced  owing  to  the  toxic  effect  of  high  alumlnlun 
conoontratlons.  Ke  have  ln«stlgatod  the  effect 
of  A1  on  the  growth  of  primary  nalzo  roots,  A1 
content  In  the  root  of  two  genotypes  different  In 
response  to  Al,  possible  influence  of  A1  on  the 
plasma  nariDrana  ATP-are  activity  and  protein  pro¬ 
files  of  plasma  msribrano  fractions  of  those  gono- 
tlpes,  it  was  shown  that  Al  reduces  root  growth 
of  some  Investigated  genotypes,  Thera  is  no  corre¬ 
lation  botweon  Al  content  In  the  root  and  the  ef¬ 
fect  on  root  growth.  ATP-azo  activity  In  plasma 
membranes  from  roots  grown  In  media  with  Al  was 
161  lower  In  comparison  with  control  plants.  Elec¬ 
trophoretic  analysis  of  protein  solviblllzed  from 
Isolated  neirbranos  from  troated  and  control  planti 
have  shown  variation  in  polypeptide  clnposltion. 


MEMBRANE  EFFECT  OF  HEAVY  METALS  IN  HOLLUSCAN  CNS 

J.  Salinkl  and  Katalin  S.-R6zsa,  Balaton  Limnologi¬ 
cal  Research  Institute  of  the  Hungarian  Academy  of 
Sciences,  H-8237  Tlhany,  Hungary 

Environmental  pollution  with  heavy  metals  causes 
demago  of  living  functions  In  animals.  Investiga¬ 
tions  carried  out  In  acute  and  chronic  experiments 
on  central  neurons  of  the  pond  snail  /Lymnaoa  stag 
nails/  and  land  snail  /Helix  pomatia/  revealed 
that  various  heavy  metals  /Hg,  Cd,  Cu,  Fb/  Influ¬ 
ence  differently  both  resting  and  action  potential 
generation  and  the  responsiveness  of  neuronal 
membranes  to  bloactlve  substances  /acetylcholine, 
serotonin,  dopamin/.  Solcotlvo  blocking  effect  of 
some  metal  Ions  can  be  Interpreted  on  the  basis  of 
specificity  of  postsynaptlc  receptor  structures 
responsible  for  the  transmitter  action  and/or  of 
Ion  channels  Involved  In  the  excitatory  processes. 
The  heavy  metal  effect  was  not  uniform  on  diffe¬ 
rent  typo  of  neurones,  suggesting  that  pollutants 
can  modify  various  functions  In  a  different 
degree.  The  results  show  that  testing  on  nerve 
cell  membranes  can  serve  as  o  useful  method  and 
model  In  Investigating  the  effect  of  sublethal 
environmental  contamination. 
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VARUIIOHS  IH  UV  AL'D  BLEOCTCIK  SsKSlTIV'IIY  IK  AGED 
CULTURiS  OF  YbaST.  B.Hunos,  E.Candrova,  D.Kestenman, 
S.Calvo  and  K. Barrios,  Dept. Blophl'olco.Sch. Red. 
Kontevldeo  -  URUGUAY, 

Diploid  Saceharomyces  corevislao  populations  at  the 
3tatloru»ry  phaae  of  firowth  wore  auboittod  to  diffe¬ 
rent  Incubation  periods  in  YBD  under  different  con¬ 
centrations  of  ^-tocopherol  and  their  UV  and  bleo- 
rycln  sensitivities, survival  fractlona  and  repair 
abllltlea  were  measured. Following  ore  the  sain  obsq 
vatlonosDFc"  intoroedlato  Incubation  period3(30-60 
day8):i,l-A  contlnuoua  incroaae  in  UV  and  bleosycin 
senoltlvl'tcs  aa  seasured  by  survival  curves  with  a 
decrease  in  the  scan  lethal  dose  and  In  repair  abl- 
lltloa  which  becOBO  slsllar  to  that  of  the  rad  6 
sensitive  mutants, l,Z-In  thcjiresoncc  of^-tocophe- 
rol  in  the  Incubation  ccdluatl5-30mgsl-^),tho  radio 
rcslatanco  Is  slsllar  to  that  of  early  stationary 
oell8.1.3<The  exposure  to  UV  light  plus  bleomycin 
deteiolnatea  a  SOS  survival  curve  type, that  Indica¬ 
tes  the  selection  of  an  inducible  type  of  DKA  repair 
2)For  very  long  Incubation  parioda(500-600  daya)> 
sasalve  mutation  of  survivors  with  very  high  UV  and 
bleosycin  resistance. These  findings  are  consistent 
with  the  three  sain  theorlea  of  aging  processea  at 
the  cellular  level, na&oly;decrease  of  repair  ablll- 
tles(l,l),stoch33tls  free  radical  damaged. 2)  and 
error  cataatrophe  In  the  transmission  of  genetic 
Information  (2;. 
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ENIROhY  tUGDEW  OF  rlAKF  LEAVEd 

T.Aokt.  Deportment  of  Physlca,  Osaka  i:edlcal 

Bchooi I  rakartsuki-shl,  Osaka,  Japan. 

Entropy  flows  into  or  out  of  loaves  duo  to 
(T)Bolor  radiation,  (2Hnfrared  radiation,  (?) 
convection  and  (h/transplratlon  are  theoretically 
calculated  based  on  the  values  of  corresponding 
energy  flows.  Het  entropy  flow  into  leovoa 
becomes  non-positive.  On  the  assumption  that 
entropy  in  leaves  ie  in  e  stofdy  state,  the 
amount  of  the  entropy  production  in  leaves  Is 
given  end  turns  out  to  bo  non-negative.  Hen- 
negativity  of  the  entropy  production  in  leaves 
shows  that  the  second  lew  of  thormodynamice  is 
certainly  valid  in  plant  leaves.  The  entropy  pro¬ 
ductions  on  nights  become  aero  irrespective  of 
leaf  orientation  in  nyotlnastio  leaves  and  of 
leaf  tooperatures.  The  entropy  production  la  a 
linear  function  of  the  solar  energy  absorbed  by 
plant  surface  through  the  origin.  Degree  of  the 
linearity  for  deciduous  leaves  is  same  as  that 
for  conifer  branches.  The  linearity  of  the  entro¬ 
py  production  on  the  absorbed  solar  energy  sug¬ 
gests  that  the  entropy  production  in  leaves  will 
be  almost  due  to  hiocbcmlcal  reactions  of  sub¬ 
stances  engaged  in  photosynthesis  or  duo  to  those 
induced  by  onset  of  pbotosyntheaia. 


Thursday  02  August  Congress  Centre-First  Floor  Posters  253-258 


Posters  on  Environmental  Biophysics 
253 

SPECTROSCOPIC  STUDY  OF  POLLUIANTS  IN  THE  ENYIROHMEST  OF  SWfE 
ECYPIUN  FACTORIES 

F.M<-Abdel  Keria,  M.A.  Moh«rr«a  and  H.  Abdel  Kakia,  Spectro* 
scopy  Lab.»  National  Research  Centre,  Cairo,  Egypt. 

thi*  work' include  estiaatlon  of  organic  and  inorganic 
coapounds  present  in  three  types  of  trade  wastes.  These 
wastes  are  textile  and  dyeing  wastes;  soaps,  insecticides 
and< fertilizer  aixed  wastes;  electronic  and  oefal  wastes. 

Ihe  spectroscopic  techniques  used  were  ultraviolet  and 
Infrared  absorption  spectrophotoaetry.  Xt  was  concluded 
that  textile  and  dyeing  wastes  consist  suilnly  of  diazopbenol 
phenyl  cynlde,  chortslua  aalne  eoaplexes,  sulphate,  carbonate 
and  silicate  cospounde.  The  aixed  wastes  contain  aliphatic 
hydrocarbon,  nitrate,  carbonate  and  phosphate.  Electronic 
and  aetal  wastes  contain  sulphonaalde,  oxalate,  zinc  and 
chroaiua  nitrate  and  carbonate. 
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ESR  MODEL  OF  RESONANT  HICROHAVE  BIOLOGICAL  EFFECTS 
F,  KeilrAnn 

Hax-Fianck-Institut  fur  FestkOrperforschung,  7  Stuttgart  80 
Fed.Rep.GeriMny 

Sharp  resonances  (n  a  yet  unexplained  nonthermal  biolo¬ 
gical  sensitivity  to  nicrowaves  have  recently  been  deioon- 
strated  /!/.  In  this  experleent  the  growth  rate  of  yeast 
cultures  is  studied  under  the  Influence  of  weak  BlIIlDeter 
wave  Irradiation.  The  results  prove  weak  effects  (lOS)  at 
fixed  frequencies  (e.g.  41782  KHz)  with  a  saturation 
behaviour  eharaeteriied  by  low  Intensity  thresholds 
(1  eU/OB?). 

Here  I  discuss  a  model  for  explaining  these  effects  by 
resonant  pumping  of  magnetic  sublevels  In  triplet  molecules. 
The  model  requires  (I)  the  existence  qf  molecules  with 
relatively  large  zero-field-spllttlng  matching  the  resonan¬ 
ce.  (11)  the  existence  of  a  nonthenul  population  and  (lit) 
a  sublevel-selective  chemical  reactivity  In  these  molecules. 

/!/  H.  Grundler  and  F.  Keilmann,  Phys.Rev.Lett.  51,  1214 
(1983).  — 
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KFFFf.TS  OF  HAIIGANESE  IONS  ON  THE  BTOET.ECTFICAT. 
ACTIVITY  OF  lEOLATED  NERVES 

N  HhVnA.A  Jnra.Vo.n.nnvIF.tl  K.n.r-StnnVovlF  end  M 
ftr.r»in,Xnnh1tiir.  nf  FhvflloToicy  nnd  Blorh.wS.rry 
Nwdirnl  FnrnlTv  Univ.rnir.v  nr  S.rni  .vn  Yumnnlnysa 
TnyrnMiaMnn.  nf  rb.  nffnrfn  .nr  NAny.nn.n.  --n 
on  nn'f  nrr'  ir  p* 

*!>  ’IVi  t«  -  •*» 

norv^n'ln  flrat,  anrl**  iwolaj*'* 
wftPA  nynopAd  to  thn  aohlon  of  'V  Mr  Tor  .ri 
nntaa.wHn#  tv*  «*roivl  ona  ap  contra’  IJelfvir 

rnroTviin<^  tachni^^ia  w<*- 

rn  nadn  1uj»t.  hafnra  and  InaadiatMlr  ax 

TViP'ira  ho  WanipEanaa^  Iona, and  afhar  auccasplva 
hlaa  Intrervala  following  fcranaferanca  of  tha  nar- 
vaa  Inho  aalina  attain  during?  axnarinentaY  parlt'l 
of  ninuhaa  Haaulfca  hava  aho\.n  that  Kanp?an<*«ia 
Iona  Induce  ai^nlflcant  ineraaaa  of  tha  thj'^ahoi-i 
voltage .whUa  f-ha  chan^ea  in  lAtonc7,aap1[itnda  a»'d 
duration  of  tha  coanound  action  potential  vara 
Rl<?nifirant, 

^Tha  afcndy  waa  financUH.y  aupnortad  by  th^  Ra- 
publican  Raaaarch  Council  Grants 
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lECHNOCENIC  CONTAKINATiON  OF  SOIL  AND  PUNTS  BY  WASTE. 

water  from  KAHA  chemical  factory  (EGYPT). 

Fakhry  A. A.,  Basil/  A.B.,  Higazy  H.E.  &  El-Anany  F.A.  (NPC) 

Results  of  atoaic  emission  and  absorptxcn  spectroscopic 
analyses  for  Doro  than  20  elcaents  in  sasples  of  waste  water 
soil  and  plant  (Eichhornia  Crassipes)  collected  froa  places 
adjacent  to  the  drainage  pipeline  terminal  3f  KAHA  Chemical 
Factory  are  discussed.  The  samples  were  collected  in  such 
a  sequence  so  that  they  represent  an  artificially  san>aade 
biogeochealcal  cycle.  The  result  of  analyses  figures  out 
the  appearance  of  conspicuously  high  anocaious  concentra¬ 
tions  for  cost  of  the  elesents  under  investigation  in  both 
soil  and  plant  sasples.  On  the  other  hand,  the  content  of 
these  elesents  in  water  samples  down-streaa  was  found  to  be 
noticeably  icucr.  The  elesents  distribution  chows  a  resa- 
rkably  sharp  decrease  with  disunc«  «wsy  fr^  f-he  source  of 
contaaination.  This  presuoably  Indicates  t^<e  presence  of 
these  elesents  costly  in  the  fora  of  weakly  eobile  cospounds 
which  are  readily-under  the  new  privaillng  physicochesical 
conditions  of  the  drainage  canal-either  deposited  on  soil  or 
absorbed  gradually  by  plants  growing  in  the  vicinity^of  the 
pipe-line  teminai.  This  distribution  pattern  reveals  the 
presence  of  a  highly  contaainated  but  fortunatly  rather 
Halted  area  around  the  couth  of  the  pipeline  terainal, 
thanks  to  the  low  cobility  of  the  cospounds  and  the  absor¬ 
bing  ability  of  the  plant  (Eichhornia  Crassipes). 
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ISOLATION  AND  IDENTIFICATION  THE  STRUCTURE  OF 
PLAVOaNOID  glycosides  in  salvia  TRIL0Ba\  PLA.NTS. 

Y*  Ghalit  S»Gabr>N»  Saleh  and  A*  Abu-Pyta^Depart- 
aent  of  Biochemistry |  Faculty  of  Agriculture | 
Zagazig  University, Zagazig I  Egypt* 

Salvia  triloba  la  grown  in  Egypt  as  a  dessert 
wild  plant*  The  ethanolic  extract  of  the  plant  was 
subjected  to  fractionation  on  the  polyamide  column. 
The  fractions  were  detected  on  the  column  using 
the  U*V*  light*  Each  fraction  was  refractionated 
for  purification,  and  the  resulted  pure  compounds 
were  affected  separately  by  several  tools  to  een- 
firm  the  structure  of  these  glycosides  and  their 
corresponding  aglyeones*  Ultraviolet  spectrum  and 
mass  spectrum  analysis  were  used  for  detecting  the 
stnieture  of  each  pure  isolated  glycoside  and  its 
aglyeonv*  Also,  the  methods  of  deetethylatlon,acid 
and  enzymatic  hydrolysis  were  used*  The  alkali 
fusion  of  glycoside  was  carried  for  identifica¬ 
tion  of  the  phenolics  and  phenol  carboxylic  acids* 
Alkaline  hydrogen  peroxide  oxidation  of  glycosides 
was  used  in  order  to  split  the  sugar  molecule  from 
P-cumaric  acid*  Fourteen  flavonoid  glycoaldes 
were  iaolated  and  identified  from  the  aerial  part 
of  Salvia  triloba  L*  fil  (lablatea)  plants* 

Theae  glycosides  concluded  different  derivatives 
of  aplgenin,  luteolln  and  chryserlol* 
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EFFECTS  OP  niFFERENT  REPETITION  FATE  AND  PTn/'>F 
WIDTH  ON  THE  T.EVETi  OF  SEROTONIN  IN  FAT  BRAIN  ^  'D 
WING  RKTTATCD  MTCROWAVn  IFPADIATION 

A  JanaVoBmanovi^.A  Javrl6.fl,NaVa5 .and  M  Dracun. 

Inptlitnta  of  ibyRloloory  and  Blochap>lBt’'w 
Faculty  Unlvaral^’v  nf  Sarajevo, Y‘iRn«1lav^ a 
Albinn  dav**  -at«  wa-n  «,vT>c«a''  •r* 

Iao  rvrla/a  and  nula*  width  ^  Tiirropsc  nr 
'!•/«  and  p]|1  aa  widtn  ^  nxRtiv  ...»  •  , 

wav*  l^rarflaMnn  Ir  a  wavaspllda  *»var-*  "n 

ura  bhmur^h  la  day*  P»ilaa  Signal  Soi'irc* 
box  ap  A  pourca  nf  irradiation  waa  upad  Oontr-^'  of 
ranafcltion  rat-p  and  pulaa  width  waa  rooMnuonp' v 
parfomad  by  maana  of  Oaclllopcopa  Ualn;?  a  Micro- 
vava  Dopa  Fata  Inta^^rator  it  waa  poaalbla  to  cal- 
nulata  avarax^  of  aln^la  and  total  ahaorhad  anarf^v 
Tha  avat^aga  of  total  ahaorhad  anarjjy  waa  S?,7  .«/<? 
for  loo  cvcla/p  and  gi  Q  j/g  for  2oo  cyfi\a/a  Irra- 
diafad  aa  wall  aa  control  aninala  vara  aarrifiad 
by  darapitation  tha  brain  waa  quickly  raaovad 
liquid  nltrox^n  and  nulvarlzad.Toa  contan^  ot  pa-  , 

rotonin  vaa  aatimatad  accordlnaf  ♦'o  anartronhoto-  , 

matrlc  wafchftd  of  F»»llar.  1 

Comnarod  to  Itp  control  group  ranatltlve  pul aad  ; 

?q*»0  nicrovava  Irradiation  raanltad  in  dac***- 
ap*  of  parotonin  laval  by  ^7^  and  danendinp?  on  j 
ranafcltlon  rata  and  niilpa  width  uaad  i 

ftba  ptudv  waa  purportad  by  US-Ynj?oalav  Joint  Bo-  i 

ard  Faaaarch  Grant  No  0F-0Q7-X  )  j 
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KjiSiOWSES  OP  SIHOKi  HEHBSl-  COiiPUSCI.ES  TO  VIBRA¬ 
TION  Alia  Cia’IRAI,  PiiOJtCTIOHS  OF  THEIR  APFEREIIT 
PliiiitS  m  SPINAL  CORD  OF  THE  PIGiOH. 

Jun-Xian  Shen  and  Zhi-hin.Xu,  Lehrsfiuhi  “ir 
Aiieeneine  ^oologie,  Kuhr-Univ,£jochu:i,  r.-ri* 

Herbjt  corpuscli's  arc  ^'ound  .sensitive 

to  weak  vibx'atlonal  stimuli  uy  recordxni*  a'itxoa 
potentials  froa  single  cor^usoles  ar  or  the 
tibia.  Horseradish  peroxidase  (HHPT'teco;  i  iae<* 
have  been  also  used  to  investigate  projections 
of  the  afferent  fibres  of  norbst  corpuscles  in 
tne  spinal  cord.  We  have  deaonstrated  that  Herbst 
corpuscles  are  rapidly  adapting  oechanorcccptors 
having  frequency-following  characteristics*  ^hey 
respond  with  a  regular  1:1  fashion  to  supra- 
thrcshold  stinuli  at  a  frequency  range  of  *<00-400 
Hz.  The  lowest  threshold  amplitude  is  0.^  iua(peak 
to  i>eak)  at  600-800  Hz.  The  sinilar  ranges  of 
best  frequencies  could  be  deteroined  fros  aoo  to 
1,000  Hz  showing  ‘'bandpass-filter"  property. 

Using  HHP  we  have  found  that  the  axons  of  Herbst 
corpuscles  bifurcate  into  ascending  and  descend¬ 
ing  branches  extending  in  rostro-caudol  directior 
and  their  collaterals  curve  along  the  aedlal  edge 
of  the  head  of  the  dorsal  norn,  branch  a*id 
terminate  mainly  in  the  aeaial  ai'ea  of  la.jina  IV 
in  the  luaoosacral  spinal  cord  in  the  pi.jeon 
(Coluaba  livia). 
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A  KOIECUUR  FRACTiai  METHOD  FOR  MEASURING  PERSONNEL  RADlAflON 
DOSES 

M.A.  Fadol.  H.A.  Khalil,  R.R.  Krodja,  K.  Sheta  and 

H.S.  Abd  EI-Ea$ct,  Eiophyalcs  Departeenc,  Faculty  of  Science, 

Cairo  I'niveraiey,  Giza,  Egypt. 

This  work  represents  a  development  In  fast  and  albedo 
neutrons  and  gaeaa  ray  losleetry,  using  cellulose  nitrate,  as 
a  tissue  equivalent  naterlal,  in  vhlch  radiation  daoage  was 
registered. 

The  changes  In  oolccular  fractions  of  the  polyecr  vas 
cscasured,  after.lrradlatlon  with  neutron  flucnces  froa  ^^^Cf 
in  the  range  10^  -  10^^  n/ca^  and  gasoa  doses  in  the  range 
10*^ -10*1  Cy  through  the  use  of  gel  filtration  chronatography. 
Effects  of,  irradiation  on  phantoa,  phantom  to  dosieetcr  dis¬ 
tance*  phantom  thickness  and  storage  at  extreae  environmental 
condition  were  studied  on  the  detector  response  and  readout.. 
The  results  shoved  that,  main  chain  scission  followed  by 
formation  of  new  molecular  configurations  arc  the  predoatnsnt 
effect  of  radiation  on  the  polymer.  Eapcrlcal  fotmulae  for 
calculating  the  neutron  fluenccs  and  gamma  doses  from  the 
measured  changes  in  molecular  fractions  verc  given. 
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THE  CHARACTERISTICS  OF  PISCliCE  CIVCERALDEKYDE- 3-PHOSPHATE 
DEHTDROCEHASE  AFTER  AWLLMATION  TO  5*C  or  15*C, 

Michael  A.  Phelan  and  Irving  Cray,  Department  of  Biology, 
Ceorgetovn  Dniversitv,  Washington.  D.C.  U.S.A. 

The  rainbow  t  .t  (Saloo  gairdneril)  has  developed  a 
response  to  changi.<g  environment  vhlch  adjusts  its  blochcai- 
val  processes  to  meet  its  needs.  The  biochemical  modlflca- 
tl'  A  to  a  single  change,  termed  acclimation,  has  been  studied 
at  the  kinetic  and  molecular  level.  In  earlier  studies  vo 
had  demonstrated  alterations  in  NAD'^  binding,  U.V.  absorptifv^ 
and  antigenicity.  The  present  study  has  examined  the  kinetic 
and  physical  chemical  parameters  and  structural  characteris¬ 
tics  of  CIPDH  from  the  lateral  muscle  of  trout  acclimated  to 
5*C  and  15*C.  No  differences  wore  found  in  the  KU's,  Iso¬ 
electric  patterns,  amino  acid  eosposltlon  or  tryptic  digest 
peptide  maps  of  the  enzyme  Isolate^'.  However,  the  of  the 
"cold"  enzyme  determined  at  7*C  Is  about  one-half  that  of  the 
"warm"  enzyme.  The  V  of  the  "watm"  enzyme  Is  greater  at 
all  assays  temperatures.  The  K*  Is  smaller  for  the  5*C 
acclimated  enzyme  at  7*C  but  increases  with  temperature  so 
that  at  17*C  there  Is  no  difference.  The  AG*  of  both  enzymet 
la  the  same  but  the  and  thus  the  AH*  of  the  "cold"  la 
grester  than  the  "warm"  enzyme.  The  AS*  Is  found  to  l»ave  a 
smaller  negative  value  for  the  "cold"  enzyme.  It  is  con¬ 
cluded  that  the  changed  "milieu  interleur"  of  the  cold 
acellmsted  fish  causes  an  altered  but  chermodynsmlcally  staUc 
configuration  of  the  same  primary  sequence  which  requires  a 
greater  change  In  enthalpy  with  a  consequent  lesser  degree 
of  negative  entropy  for  the  formation  of  the  enzyme-substrate 
complex.  (*Indlcates  the  parameter  for  the  activation  step) 
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OCCLUSION  CONDITIONING  IN  PRESERVING  CIRCULATOPT 
WSTURBANCES  DURING  ANTIORTHOSTASIS 
Y.G.  Zorbaa.  V.G  Andreyev,  Med.  Exptl.  Lab.,  Facul- 
to  de  Med.,  Univ.  de  Cleraont,  63001  Cler»ont-Fer- 
rand,  France. 

‘  The  effect  of  occlusion  conditioning  *r.  aiver- 
tlng  blood  from  the  head  during  antiorthustasit 
(AO)  was  tested  on  14  physically  healthy  33:.  ^n- 
ging  in  age  from  17-22  years.  They  <rere  25**1  led 
into  three  groups.  In  the  1st  group  wf  oer  all  four 
liabs  were  occluded  for  30  ain  by  a  pi'essure  of  70 
on  Hg  beginning  on  the  16th  min  of  AC  at  an  angle 
of  -30®,  the  2d  group  were  occluded  periodically 
for  3-h  and  50  min  only  the  lower  liabs  by  a  graded 
pressure  of  60-30  aa  Hg  beginning  one  hour  after 
the  exposure  to  AO  (-15®)  and  the  3d  group  none  of 
the  four  liabs  were  occluded  and  served  as  control. 
Electrocardlograas  (EKG),  rheegraas  (RG>  and  rheo- 
encephalograas  (REG)  were  recorded.  The  obtained 
results  were  processed  statistically.  In  tnc  1st 
and  to  a  gre.ater  extent  the  2d  group  of  men  occlu¬ 
sion  tests  diitinishod  unpleasent  sensations,  and 
they  reduced  cerebral  blood  flow  to  the  level  that 
corresponded  to  horizontal  position  (C®).  It  was 
concluded  that  both  occlusion  modes  attenuated  the 
adverse  reactions  of  men  following  redistrloulion 
of  blood  to  the  head  during  the  exposure  to  antlor- 
thostatic  position  (head-down)  and  aided  in  norsa- 
llzation  of  intracranial  hoaodynaaics. 
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KOCEIS  FOR  MZCRONUCLEt 

A.  Konaan,  H.  Plncu,  H.  CalMsen,  and  J.  C.  HUchell, 
Oeparteentt  of  Radfatfon  Oncology  and  Radiological  Sciences, 
University  of  California,  Los  Angeles,  California,  USA 
The  frequency  of  olcronuclei  (MN)  in  peripheral  blood 
lyaphocytes  provides  a  useful  ceasure  of  chronosoee  datnage 
in  human  populations.  In  order  to  learn  core  about  the 
mechanisos  of  HN  production  we  have  measured  the  yield  and 
ONA  content  of  in  lyaphocytes  that  had  been  exposed  to 
graded  doses  of  ^®Co  gacra  rays.  The  yields  of  MM  with 
radiation  dose  exhibit  a  typical  hockey-stick  shape.  This 
is  consistent  with  a  model  In  which  the  DNA  repair  processes 
are  highly  efficient  but  are  saturated  at  radiation  doses 
above  10  rads.  Some  70T  of  the  HN  have  DNA  content  between 
0.5  and  AX  of  that  in  the  diplo*d  nucleus.  Their  OHA  dis¬ 
tribution  is  consistent  witn  an  •'origin  froa  acentric 
ckroaosose  fragments  that  are  produced  by  the  randoo  break¬ 
age  and  rejoining  of  chromosomes.  The  ONA  distributions  arc 
not  sensitive  to  lymphocyte  culture  times  ranglni#  from  48 
to  76  hours.  This  implies  that  the  KN  with  ONA  content  in 
the  range  of  4  to  ZOX  of  the  diploid  DNA,  arise  froa  nltotlc 
non-disjunction  and  other  laltotic  errors  rather  than  from 
the  reduplication  of  acentric  chromosome  fragments. 
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PHOTOI.ACTIC  R£SPOh‘=i:S  Hi  WILD  TYPE  AND  STIGHALESS  MUTANTS 
OF  EUGLEKA  GRACILIS 

V.PassareUi,  F.lancl,  M.R.Dl  Lena,  G.Colombetti,  L.Barsan- 
ti,  C.N.R.  Istituto  dl  Dlofisica,  Via  S. Lorenzo  26,  Pisa, 
Italy. 

By  tseans  of  a  computer-aided  videorecording  system, 
negative  phototaxis  in  the  flagellate  Euglena  gracilis 
has  been  investigated,  both  in  wild  type  ard  in  stlgnaless 
eutants.  The  analysis  of  the  novement  parameters  shows  that 
the  two  types  of  cells  are  both  negatively  phototactic  but 
exhibit  different  degrees  of  orientation  with  respect  to 
the  light  stimulus  direction.  In  fact  the  swiming  paths 
of  green  cells  are  more  directional  than  those  of  the 
Butant",  whose  orientation  is  impaired.  These  results  may 
be  (plained  in  teres  of  a  shading  aechaniso,  in  which  the 
cell  stigaa  plays  an  important  role. 
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EFFICIEXQ-  OF  BlOttSS  TRANSFER  IN  !»DEL  ECOSVSmiS 
A.Porati  and  M.I.Crancro-Porat*»  Oipartiocnto  di  Fisica,  Iftu 
vcrsit3  di  Pama,  Via-d'AscgUo  8S,  Parra,  ITAIJA 

Cocputer  siculation  has  boon  used  to  test  the  feasibility 
and'Stability  of  i^el  ecosystcos  described  by  Ganeralii^ 
Lotja-Volterra  Equations  (GIV'E).  In  ^articular  the  analysis 
has-been  focused  on  tw  relation  beueen  Kyology  of  ecosy- 
sicas  and  their  biocnass  conversion  efficiency.  The  tcrqioral 
behaviair  of  the  biccasscs  M  of  the  specics,^-is  described 
by  the  following  GUT:  * 

.  n 

♦  I  a.'l.M. 
jDi  J  J 

Defining  the  efficiency  of  bicnass  tiansfer  j  as  follows: 

\  (the  i-th  sj'^ies  preys  on  the  j-ih  one)  we  were 

intercIteJ^in  the  analysis  of  ecosystcas  represented,  in  the 
language  of  Graph  Iheory,  by  *Trees’',  for  vdiich  we  know  that 
every  feasible  ccosysten  is  also  as>rpotitically  stable,  ife 
cohstructed-jrany  thwsand  of  Ranicra  Matrices  for  various 
values  of  ^  and  for  various  topological  structures.  The  re¬ 
sults  indicates  a  different  behaviour  between  single  alioen- 
tary  chains  and  other  kind«  of  ’’trees"*  in  the  first  case, 
the  percentage  of  hcoeostatic  (feasible  and  stable)  systens 
increases  as  \  increases,  while  in  the  second  case  the  beha¬ 
viour  is  ccKplctcly  inverted,  as,  for  exaayle,  in  the  case 
of  eany  preys  and  one  predator. _ 
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A  SEW  TYPE  OF  FAST  NEITTROS  DOSIMETER  FOR  PERSONAL  USES 
M.A.  Fadel,  A.M.  Kassar.  A. A.  El-Sayad  and  U.O.  Oslria, 
Biophysics  Departssent,  Faculty  of  Science,  ialro  University 
Cairo,  Eg\'pe. 

A  fast  neutron  dosisecer  for  ceasurlng  neutron  flucnces 
In  the  range  10*  -  10^^  n/esr  through  iteasureDcnts  of  the 
Induced  changes  in  d.c.  resistivity  or  dielectric  properties 
of  llthluQ-aluslno-borate  glass  arc  described. 

•he  d»c,  resistivity,  Ohn.ca)o£the 

doslseter  Increased  upon  irradiation  with  fusion  neutrons. 
Our  results  shoved  that,  Irradiating  the  glass  dosieeter 
with  2,88  X  10®  n/co*  caused  a  4302  Increase  In 
the  dielectric  constant,!;',  oeasured  in  the  frequency 
independent  region  (270  -  340  KHt),  vhich  lies  between  the 
dipole  and  atoaie  resonance  peaks,  increased  Drogrcssively 
with  fission  neutron  fluenees  in  the  range  10^*  -  10^  n/ca*. 
An  increase  of  13.162  in  €’  have  been  estiaated  after  ir¬ 
radiation  with  2.70  A  10®  n/c&2. 

Moreover,  no  eeasurablc  fading  in  the  induced  radiation 
effects  have  been  noticed  vhen  the  dosiacter  was  shelf 
stored  at  rooa  temperature  for  one  week.  Concerning  0^,^, 
a  foraula  had  been  suggested  to  correct  the  dosieetcr 
readout  when  stored  at  62  for  periods  greater  than  24 
hours.  However,  no  taeasurable  fade  in  the  radiation  induced 
changes  in  e'  at  the  frequency  independent  region  was  noticed 
when  the  dosiacter  was  shelf  scored  for  periods  up  to  120 
hours  at  60  ®C. 

C^aena  Irradiation  up  to  0,5  Hrad  shoved  no  oeasurable 
effects  on  the  neasured  electric  properties, 
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THE  RELEVANCE  OF  VARIATIONS  IN  TREE  lEAVES  fOR  ASSESSING 
THE  CONTRIBUTION  OF  SOIL  RESPIREO  CO-  TO  THE  TOTAL  ASSIKILA- 
TIOV  OF  LEAVES  ‘ 

6.H.  Schleser  and  R.  Jayasekera,  Inst.  f.  Chenfe  2,  Kernfor- 
scnunqsaniage  dOHch  GsbH,  5170  Julich,  F.R,  of  Geraany 

values  In  leaves  of  forest  trees  show  significant 
differences  not  only  as  a  function  of  tree  height  but  also  as 
a  function  of  the  state  of  developcaent^of  leaves,  i.e.  the 
growing  season.  differences  of  up  to  5  have  been  ob¬ 
served  free)  botto-n  to  top  of  a  forest  beech  while  seasonal 
variations  shew  differences  of  up  to  2  2©.  A  ®odel  for  the 
fractionation  during  CO,  assinilation  shows  thatfi^’C 
values  of  leaves  basically  depend  on  two  factors:  a)  The 
source  of  *'C,  naaely  ”C  of  atoo'spheric  CO* -and  bj  the  phy¬ 
siological  status'  of  leaves,  given  by  the  ratio  of  internal 
over  external  CO,  concentration  of  leaves  (C*/C..  )  and  the 
respiratory  coefficient,  defined  as  total  respiration  over 
gross  photosynthesis.  According  to  tnis  nodel  the  seasonal 
5*’C  trend  should  oainly  be  due  to  changes  of  the  respiratory 
coefficient,  while  the  vertical  6**C  differences  should  pri¬ 
marily  depend  on  the  assinilated  anount  of  soil  CO,  in  the 
lower  forest  strata'  and  the  differences. of  C./C  ,  between 
top  and  bottoa  of  the  canopy.  The* contribution  of^soil  re¬ 
spired  CO,  to  total  assinilation  of  leaves  in  the  lower 
forest  strata  has  been  estioated  to  vary  between  14  and  19  X 
depending  on  the  tine  of  the  growing  season,  i.e.  the  CO, 
flux  out  of  the  soil. 
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riiERKOOYNAHIC  AFPROAQI  TOUAROS  TljC  ADHCSIOM  OF  ORAL  BACTERIA 
TO  lOOIH  EKAKEL  SURFACES.  H.J,  Buoscher.  A.W.J.  van  Pall,  H.P 
de  Jong  and  J.  Arends,  Laboratory  for  Kateria  Technics,  Univ, 
of  Groningen,  Ant.  Dcusinglaan  1,  9713  AV  Groningen,  Holland. 

Adhesion  of  bacteria  to  tooth  surfaces  is  the  oain  cause  of 
one  of  the  world's  cost. wide  spread  diseases:  dental  caries. 
With  the  aic  of  reducing  bacterial  adhesion  to  tooth  surfaces, 
a  study  has  beer,  carried  out  to  develop  a  eodcl,  predicting 
bacterial  adhesion  to  surfaces.  Basic  to  the  co^l,  are  rela¬ 
tions  between  SURFACE  CHARACTERISTICS  and  BACTERIAL  ADHESIW. 

The  SURFACE  CHARACTERISATION  pa?8Bctcr  of  interest  with 
respect  to  at^sion,  is  the  surface  free  energy  y.  Using  con¬ 
tact  ar«gle  ncasureccnts  wiU)  liquids  of  known  surface  free  en¬ 
ergy,  the  solid  surface  free  energy  y  can  be  calculated,  y 
data  have  been  obtained  for  polyffior8,^icnic  crystals  and  husarx 
enaoel,  treated  with  various  fluorides  and  after  salivary  pro¬ 
tein  'idsorplioo.  Aninfluoride  e.g.,  was  found  to  reduce 
fron  84  to  54  erg.ctiv.2.  This  reduction  in  y  increases  thi  in- 
terfaclal  free  energy  of  adhesion  AF  of  Sost  oral  bacterial 
ahich  is  on  theoretical  grounds  expegl^d  to  reduce  bacterial 
adhesion. 

In  order  to  quantify  BACTERIAL  ADHr.SI0N  S,  sancuis  cells 
cere  adhered  during  one  hour  adhesion  exporinents  onto  various 
surfaces  with  y^  roncing  froc.  22  to  141  org.cm-2.  Subsequently 
the  nuffber  of  bScteria  adhered  per  co-2  n  vas  counted  using 
3.E.H..  Negative  correlations  between  n  and  y  were  obtained 
In  ddt>esion  froo  bacterial  suspensions  of  varying  bacterial 
concentrations  (10^  -  lo^  cfs-J).  Although  this  result  is  oppo¬ 
site  to  expectations,  based  on  calculations  of  AF  the  ob¬ 
servation  made,  that  the  bacteria  are  more  looscl^^Pound  to  tho 
lew  ene»qy  euffeeee,  is  in  eqteenenfc  wHh  these  expectatiorre. 
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ELECTROSTATIC  EFFECTS  AND  COHPLEXATION  OF  PENTACHLOROPHEHOL 
DUE  TO  ITS  PRESENCE  IN  LECITHIN  8ILAYERS  AND  K.0N0LAYERS. 

P.  Stseitek,  H.  Barstad,  A.  Levinson  and  K,  Hsu,  Departments 
oO’Sysics  and  Chemistry,  Environmental  Science  and  Resources 
Program.  Portland  State  University,  Portland,  Oregon,  U.S.A. 

Biolooical  effects  of  pentachlorophenol  (PCP)  a  widely 
used  pesticide,  are  primarily  related  to  its  ability  to 
induce  hydrogen  ion  transfer  in  lipid  catrfx  of  blomembranes. 
He  summarize  results  of  our  studies  on  (1)  changes  of  elec¬ 
trostatic  potential  distribution  across  the  aqueous  phase/ 
lecithir  array  interface  in  inonolayers,  liposomes  and  planar 
blolayer  rrembranes  due  to  the  presence  of  pentachlorophenol; 
(2)  partition  of  neutral  and  ionized  form  of  PCP  into  isem- 
br^nes  and  wdel  solvents;  (3)  spectroscopic  evidence  for 
the  existence  of  negatively  charged  dimer  ioplicated  in  the 
transfer  of  hydrogen  ions  across  llgid  owibrane.  The  changes 
of  electric  potential  distrlbutiop  across  the  lipid  array/ 
water  Interface  werr  obtained  from  measurements  of  (a)  elec¬ 
trophoretic  eobilKy  of  liposomes,  (b)  surface  potential  of 
lipid  monolayers  and  (c)  conductivity  of  lipid  membranes 
induced  by  lipophilic  probe  Ions.  The  experimental  results 
are  compared  with  the  predictions  of  Langmuir-Stern-Grahaee 
models  of  adsorption  assuming  either  homogeneous  or  discrete 
charge  distribution  at  the  adsorption  plane.  He  present 
spectroscopic  evidence  for  the  existence  of  AHA'  complex 
formed  between  the  neutral,  HA.  and  ionized,  A-,  species  of 
pentachlorophenol.  This  ccmplex  is  essential  for  under¬ 
standing  the  mechanism  of  pentachlorophenol-induced  hydrogen 
ion  permeability  in  lipid  membranes. 

Research  supported  by  NIH  grant  5R01  ES  00937-09. 


SPEC'^RCSCOPIC  STUDIES  OF  BENZ0(A>PYRENE-7.8-DlHYDR0DI0L- 
9f10-EP0XI0ES  COVALENTLY  BOUND  TO  NATURAL  OR  SYNTHETIC 
NUCLEIC  ACIDS 

A.  Grastuid^j  P,-0,  LyckscU®,  A,  Ehrenberg®^  B.-M.  Olsson®. 
6.  JemstrOa'^and  B.  Nerd6n®»  *Dcpt,  of  Biophysics*  Univ.  of 
Stpckhola*  Stockhola*  "Dept,  of  Forensic  Hedicine*  Karolinska 
Inst.*  Stockhola*  ^Dept.  of  Physical  Chcaistry*  Chalaers 
Univ.  of  Technology*  cBteborg*  Sweden. 

6enzo(a)pyrene-7*8-dihydrodiol-9*10-epoxide$  (BPDE)  are 
aeong  the  aost  active  and  reactive  intermediates  in  the 
eetabolisB  of  the  cheaieal  carcinogen  BP.  The  spectroscopic 
properties  of  the  covalent  adducts  between  <0-anfs-BPDE 
(or  its  less  carrinogenic  stereoisoaers)  and  calf  thyaus  DNA* 
poly  d(GC)*poly  d(CC>  or  poly  d(AT>*poly  d(AT)  have  been 
studied*  aainly  with  fluorescence  and  linear  dichroisa 
techniques.  -  The  spectroscopic  properties  of  the  cooplexes 
as  well  as  their  fluorescence  lifetlacs  display  a  aarked 
heterogeneity.  Two  aalor  classes  of  coaplexes  with  different 
spectral  and  steric  properties  have  l^een  characterized. 

One  class  (1)  has  typical  characteristics  of  an  intercalated 
cosplex.  The  other  class  (II)  exhibits  a  smaller  shift 
towards  longer  wavelengths  of  its  tight  absorption  and  less 
quenching  of  its  fluorescence  by  the  nucleic  acid.  The 
molecular  plane  of  the  carcinogen  fores  <55^  angle  with  the 
DNA  helix  axis.  -  Class  11  complexes  are  predominant  for 
(O-  ^d  (tl-onts-BPDE  in  complex  with  both  ONA  and  poly 
d(GC}*poly  d(GC),  Class  I  cemplexes  are  observed  (coex{st.ing 
with  class  ID  for  the  less  carcinogenic  BPDE's  in  complex 
with  DNA.  Also  the  (s)-antf-ePDE  bound  to  poly  d(AT)*poly 
d(AT)  exhibit's  a  class  I  complex*  but  the  binding  is. unitable 
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fOUAOE  TEKPEEATOSE  MEASEREXENTS  OVER  A?l  OAK-CAnOPV 
R.  Valentini.B.  Schircne  and  G>  Scara8cla,X«tituto  Biolojico 
Salvicolturale.Unlversitik  deUa  Tuscla.Via  RSallo, Viterbo. 
Italy. 

Foliage  tcsperature  ceasitrecaents  vere  collected  over  an 
oa}<  (Quercua  Cerris  L.)canopy  near  POTENZA  in  southern  Italy, 
in  order  to  investigate  the  energy  exchanges  between  the  ca¬ 
nopy  and  the  ataosphere. Foliage  teeperatures  were  eteasured  by 
aeans  of  an  I.R.  thercoeeter  in  the  8-ld  wavelerght  band  froa 
a  tower  4  ct.  high  above  the  canopy. Air  tcaperaturc  and  huai- 
dity  were  conteaporaneously  ceaoured  at  two  levels(2  nt.  spa- 
cedlabove  the  canopy.Only  cloudless  daya  were  cornddered. 
Large  positive-gradients  between  foliage  and  air  tesperature 
were  found  during  the  day. At  the  sunrise  and  the  sunset  gra¬ 
dients  are  snail  or  negative  as  snovn  by  the  b^jhaviour  of 
sensible  heat  which  was  seasured  by  the  Bowen  ratio  technique. 
Temperature  gradients  at  the  two  levels  above  the  canopy  are 
nuch  smaller  then  the  ones  between  foliage  and  air. Under  the 
assusption  of  null  divergence  fluxes, this  behaviour  can  be 
explained  by  higher  water  vapour  and  heat  diffusion  resistan¬ 
ces  between  leaves  and  the  atsesphere  then  the  ones  between 
the  two  levels  in  the  air  above  the  cancpy.Ve  are  now  looking 
for  a  relation  between  foliage  tesperature  and  stooatal  resi¬ 
stance  for  sunlit  leaves. 
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KHR  ANALYSIS  OF  RA0IATI0H-110DIF1E0  P/^OOUCTS  IN  DMA  MODEL 
COMPOUNDS.  Charles  A.  Belfi  and  Harold  C.  Box,  Oepartnent 
of  Biopti/sics,  Roswell  Paric  HedorTarTnsTTtute,  666  Elo 
Street,  Buffalo,  New'YorK  >'  USA. 

Aqueous  solutions  of  dinucleosfde  ponophospKates  have 
been  subjected  to  ionizing  radiation  in  the  presence  of 
various  nodlators  including  N20,  02  and  electron  affin- 
ic  sensitizers.  Products  were  isolated  using  C18  reverse 
ohase  IflC.  Individual  products  have  been  characterized  by 
‘H  and  31p  spectroscopy.  •  In  N2O  saturated  solu¬ 
tions  of  dTpA,  for  exaiaple,  several  products  containing 
nodified  thynine  ara  observed.  Cis  and  trans  glycols  ex¬ 
hibit  methyl  proton  chemical  shifts  of  T^CSeen  0.41  and 
0.68  PW  upfield  cellared  with  dTpA.  The  H6  thymine  reson¬ 
ance  in  the  glycol  products  is  consistently  shifted  2.4  PPM 
upfield.  These  chemical  shifts  are  consonant  with  those 
observed  in  glycol  modified  rononers  as  reported  by  Cadet 
and  Teoulel.  The  5-  and  6-hydroxydihydrotiynine  products 
are  also  observed.  The  latter  are  particularly  easy  to 
identify  from  their  iH'WR  spectra  by  virtue  of  spin-spin 
splitting  of  the  methyl  resonance  into  a  doublet  pattern. 
Other  major  products  result  from  crossliricing  and'depurina- 
ifen.  As  expected,  the  profile  of  products  changes 
profoundly  when  the  irradiation  is  carri^  out  on  oxygen 
saturated  solutions. 

(1)  J.  Cadet  and  R.  Teoule,  Bull.  Soc.  Chin.,  France 
3,  885  (1975);  J.  Cadet,  R.  Ducolod)  and  R.  Teoule,  Tetra- 
Tfedron^,  1603  (1977). 
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VARIATIOfiS  OF  PHOTOSYNTHETIC  ELFCTRON  TRANSPORT  RATE 
ASSOCIATED  HUH  PLANT  TOLERANCE  TO  AND  Pb*. 

E.  Hilary  Evans,  S.H.  Keskin  and  R.  Cotton,  Biology  Division, 
PrVs'loiT'FbTyVMhnic,  Preston,  Lancs.  O.K. 

He  have  previously  shown  that  Ca^*  added  to  the 
preparation  buffer  stieuiates  electron  transport  in  lettuce 
chloroplasts.  This  effect  Is  only  observed  In  uncoupled 
barley  chloroplasts,  but  Ca  ’  protects  against  ageing.  The 
effect  depends  on  whether  barley  Is  grown  on  low  Ca*’ 
(serpentine)  or  high  Ca  ’  (calcareous)  soils,  being  rest 
oarked  in  the  fonser  case.  However,  Aproasfs  er.  collected 
froa  serpentine  soils  gives  chloroplasts  with  high  electron 
transport  rates,  unstioulated  by  Ca*’,  suggesting  that  the 
plant  adapts  to  bind  Ca*’  tightly  to  the  chloroplast 
neabrane.  Conversely,  Agraatia  ep.  collected  froa  calcareous 
soil  gives  chloroplasts  with  lower  electron  transport  rates, 
stiaulatcd  oy  Ca*  .  In  addition,  this  plant  Is  core  suscep¬ 
tible  to  inhibition  by  Pb  .  We  propose  that,  in  both  these 
cases,  there  is  a  genetic  alteration  to  a  Ca**-binding 
protein  In  Photosystea  2  which  also  affects  the  Pb’-b'inding 
site. 
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Til’  CFFiJT  Or  r.a  Hf>O.T-u!TJ  HT.n&.tIrt  vll  Til’ 
.iuoT.iisiiL  0?  Tii;  jT.siATCo  i.uo;i.; 

I!l  .ivTJ.  t.  ailoki.  3.  ;;icliolol:l.  il.  SlolaTi, 

;.  ;hylliioi.a,  uo.Qortoant  of  Dloph/olco, 

I.iotltutp  of  .^h/siolojy,  liudlcaL  ..codcuy, 

ICrokOtf.  foluiid. 

In  tlio  CNporluonts  parforoad  in  anaootc- 
.latiir  rots  l.upi  in  J  loti  pruosurc 
ciionbar,  thu  aloctrlcal  iu.iuduiico  o!  tha 
striotud  nuocln  at  sir.  diffpronc  frogucncico 
tiitlii.i  tha  ranya  IJ  w.  ;ia  by  ilia  .v.d. 

bridj'a  uashod  tiaa  dwtorni.iad.  iiichul  naadls 
alactrodus  .litlt  a  3.4  itii  gap  ttara  inoarted  in 
Vila  uusclas  of  til.  hind  llnba.  Tha  iiraasur^  ’n 
sha  chaubar  naa  gradually  raducad  during  a  hours 
iron  nornal  to  a  valua  corr.s.ao.ndlng  to  an 
altituda  of  id, 333  u  abovu  aaa  laval,  that  is  rj, 
20  !..‘a.  Tha  abooluta  l«.aado.iea  value  Incraascd 
l.i  .aropartlon  to  tha  i.ituiiuity  of  h/powia  in  all 
frogucnciau  tastod,  raudii.tj  uanluuu  at  £0  hi’a. 
Undar  this  grassura  tiia  jraotast  incrasso  in  in- 
padaiica  naa  oOs.r.-od  at  tha  ircquanc/  of  iO  loi: 
/2a,y.  .'ha.i  anioals  t.-arv  brauthing  ost/gon  at  tha 
Sana  sauulatud  alvivaJcs  tha  incruasa  of  inpa- 
daiica  viau  inhibited.  Our  study  sho.io  that  h/po- 
n..ric  h/po::ia  causes  .a  nari.wd  i.ieraasa  in  thu 
ulaotrical  iii>j.,danca  of  tha  rat  Oiriotod  E#uscla« 
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EFFECTS  OF  X-IRRABIATION  OF  SINGLE  CRYSTALS  OF  RIBONUCLEASE  A 
S.K.  Burley.  C.A.  Petsko  and  D.  Ringe,  Chcaistry  Departaent, 
Kassaebusetes  Institute  of  Tecbmology,  Canbrldgc,  Hassachu- 
aetts,  United  States  of  America. 

Radiation  damage  of  bloaolecules  is  an  important  yet 
poorly  understood  phenomenon.  Ve  have  studied  X-radiation 
damage  of  ribonucleasc  A  by  high-resolution  X-ray  crystal¬ 
lography.  Structural  changes  induced  by  irradiation  with 
lOMrad  were  restricted  to  a  few  specific  sices  in  Cne  enzyme. 
All  the  disulphide  bridges  were  opened  and  oxygen  atoms 
appear  Co  have  been  added  to  each  sulphur  atom.  The  four 
aethionino  residues  appear  to  have  been  changed  to  methio¬ 
nine  sulplwnes.  The  arosacic  side  chains  also  shoved  evi¬ 
dence  of  eheaical  modification.  Despite  the  scission  of  the 
disulphide  bridges,  there  was  no  major  conformational  change 
suggestive  of  general  unfolding  of  the  enzyme. 


>.p  tltctroA  ftt 

SAM|*a  ana  UU**  A 
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•>»vA  e»  e  nttk  fl|ure. 

TWa  S-S  S«ni  letvfA*  cjiSi  abS  <7i7r. 
>v«  SeniU^  li  vtitVle  et  ttie  S*S  Wb4. 
Leri*.  leVete  eva  Stsiltr  feAiarti 
•vrrewBS  eecW  evl^Kir.  The  }«AUlMa 
e(  tbe  lebe»  ere  ceflititent  vlib  tke 
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EFPECT  OP  PHASE  IRAMSITION  OP  PHOSPHOIIPIDS  OH 
HADH  DEHmOGEHASB^PROH  BACTERIA 
A.  Kotani,  S,M.  Shu,  II.  Hlsaef  T.  Seklguchi,  H. 
Koyaaa  and  I.  Hosoh,  laboratory  of  Natural 
Products  Cheaistry,  Tokyo  Institute  of  Technology, 
Yokohaaa,  Eanagawa  227,  *Shlno  Test  lahoratorles-, 
Saganihara,  Kanagawa  229,  Japan 

Keabrane-bound  KABH  dehydrogenase  was  solubi¬ 
lized  and  purified  fron  Bacillus  subtilis.  The 
enzyae  consisted  of  two  subunits,  and  contained 
about  70  moles  of  phoapholip'ids/subunit.  The 
purified  enzyne  and  the  enzyme  bound  to  phospho¬ 
lipid-liposome  exhibited  discontinuous  Arrhenius 
plots  having  two  break  points  at  10’  and  30°C, 
where  liposome  showed  phase  transition.  The 
enzyme  having  about  10  moles  of  phospholipids 
prepared  by  detergent  treatment  exhibited  a  conti¬ 
nuous  Arrhenius  plot.  Similar  discontinuous 
Arrhenius  plot  was  observed  with  the  enzyme 
purified  fron  alkalophllic  Bacillus  which  contains 
no  phospholipids.  The  secondary  structure  of  the 
de-phospholipld  B.  subtilis  enzyme  changed  on 
binding  with  pho^hollpids  or  iiposono.  The 
structure  of  the  de-phospholipld  enzyme  exhibited 
no  change  with  temperature,  but  the  purified  and 
liposome  -bound  enzymes  exhibited  considerable 
change  in  secondary  struccire  at  phase  transition 
temperatures. 
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THE  PROTEW  DATA  BANK' 

thoaas  Fa  Koettle,  Enrlqu«  E.  Abola  and  Fr«nc«*  C.  BertisteiOp 
Chcmlssry  Dapartsent,  Brookhaven  {{atlonal  Laboratory,  Upton, 
N«u  York,  USA 

The  Protein  Data  Bank  (P.  C<  Bernstein,  T«  F«  t^etzle, 

G.  Je  B.  VllUaas,  E.  F.  Meyer  Jr.,  M.  D.  Brice, 

J«  R.  Rodgers,  0.  Kenoard,  T.  ShlsanoudAl  and  M«  Tasual, 

J*  Mol.  Biol.  <1977)  U2.  535)  Is  a  coeputerlzcd  archival 
database  for  structural  data  on  biological  aacroMlecules. 

The  Bank  presently  contains  approxlaately  250  sets  of  atoslc 
coordinate  data  for  proteins,  nucleic  sclds,  virus  and 
polysaccharide  structurea*  Structure  factor  data  have  been 
depoalted  for  soae  studies,  and  bibliographic  citations  are 
Included  for  structures  vhen  atoalc  coordinates  are  not  yet 
available.  Data  are  distributed  upon  re<)uest  froa  Brookhave 
and  distribution  centers  In  Caabridge,  UK;  Ouka,  Japan;  and 
Melbourne,  Australia*  A  nuahsr  of  coaputer  prograaa  have 
been  developed  to  enable  users  to  extract  Inforaatlon  fres 
tU  file. 

*Work  supported  by  the  US  Katlcnal  Science  Foundation  and 
US  National  Institutes  of  Health  and  carried  out  under 
contract  vlth  the  US  Departeent  of  Energy. 
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PURPLE  MEMBRANE  bTaOMB^TS  FROM  HALOBACTERIUM 
HALOBIU>I  AS  A  MODEL  SYSTEM  IN'  BIOPHYSICAL  EDUCA 
TION  PROCESS 

S.P.Stoyov,  N.G.Popdlmitroya,  M«R«  Kantehoya 
PopartEsent  ot  Physlca  and  Biophysics  at  th«  Me¬ 
dical  Academy  of  Sofia,  Bulg:arla 

In  order  to  present  biophysical  properties  f 
mea'brano  structure  and  functions,  bioeleotrieal 
pzoporties,  active  transport  especially,  light 
driven  proton  punping,  phbtobiology  et  c. ,  the 
puzvle  moabrane  fra^ents  of  H.Halobium  as  a 
nodal  system  are  proposed*  The  significance  of 
some  relevent  parameters  -*  electric  surface 
charge  density,  dipole  moment,  dielectric  pro¬ 
perties,  eloctrooptic  behaviour,  effective  for 
the  protein  and  lipid  phase  organization  and 
functional  activity  are  discussed. 

The  present  model  system  can  suceecfUlly  servo 
as  a  starting  point  and- Joining  line  for  the 

tmderstanding  a  groat' number  of  biophysical  fact 
and  in  such  a  way  could  be  a  good  basis  for  the 
biophysical  education  which  could  be  if  necessa¬ 
ry  pj^filized  for  nedicale,  physics,  agriculture 
biology  and  other  students* 
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THERMODYNAMIC  EQUILIBRIUM:  A  NEW  APPROACH. 

C.  Tanford.  Dept,  of  Physiology,  Duke  Univ.  Med.  Cntr. 

Durhaa,  N.  C.,  USA. 

The  concept  of  theraodyneaic  equillbriua  Is  under-utili¬ 
zed  In  the  teaching  of  Biophysics.  One  reason  for  this  Is 
chat  biocheaists  !mve  tended  to  llalt  equillbriua 
considerations  to  Isolated  chcaical  reactions.  New  insight 
is  gained.  If  ve  focus  instead  on  Che  equillbriua  state  of  an 
entire  systea,  In  which  aany  different  individual  reactions 
are  possible.  Cnc  conclusion  that  eeerges  Is  that  enz>'aes, 
transport  catalysts,  etc.,  draaatlcallv  alter  the  equillbriua 
state  of  a  complex  systea,  in  contrast  to  the  taore  faalliar 
fact  that  they  leave  the  equillbriua  state  of  an  Isolated 
reaction  unchanged.  Once  this  Is  recognized,  It  follows  that 
aany  biophysical  processes  can  be  represented  as  a 
succession  of  different  equillbriua  states.  There  Is  great 
benefit  In  using  this  approach  for  a  basic  understanding  of 
physiological  function.  (1)  Quantitative  calculations  of 
equillbriua  states  are  easily  aade  ani  (being  independent  of 
the  pathway  to  equillbriua)  do  not  require  cosplex  kinetic 
scheacs.  (2)  The  critical  role  played  by  protein  catalysts 
Is  eaphaslzed  when  a  new  phenoaenon  is  first  introduced. 

This  creates  an  Isaedlate  natural  bridge  botveen 
phenoacnology  and  protein  structure  and  function,  l.e.,  a 
focus  on  the  area  of  biophysical  science  that  we  eust  In 
any  case  Increasingly  turn  to  for  najor  progress  In  the 
future.  (Supported  by  the  National  Science  Foundation.) 
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3  NVWi/.CT  3  01s.''.  .lOU.C?  ?.)>,].)■•  (-ROlPf;. 

OR  '  Ki:  O  j  VR  COftiTriSf/.-  ER  POI.VM.i'j'  i'CC.P.'-.''3P.3  lOO'Y . 

Frciclcri  <  R'.Pi  cbarclg  Dcpc.rl  rcent.  of  MoleciiZer  P:  cplij  si  of  c-ncl 
F:c-cbf-.n;;'.f;tii- ,  76.1?:  Uni  veir.i i,y ,  Kew  Uaver  CT,  I'.S.A. 

Ovei  tt  o  (Secijr’c-  Gur(1,MoMl'&v.-,?birf',Fripr.c’  and  their 

c.cl  1  esgiiOf.  have-  dovolopec!  c-i><:  c-iJic-rsdod  the  or.iginal  Taiifo:<?  and 
Firks.ood  (T-K)  fornidisp:  for  the  int  e-rcct  icnfi  l.etv/ecr.  pa-iis  cf 

rhargc-F  cl  or  near  a  di?‘i?c;t.ri o  irteirfaco.  Follcwircj  the  origineil 

.ii:  the-  Oc:r’v  ’5,0s,  f  nrl  her  clovt-lopr.ient  s  have  hac.  to  riwait  the 
ni'pc^f  rarcc-  of  hjgh  reS'Oli'tit  n  X-rav  etriiotni es  of  pjoteiiiS.  Jr 
addition  tc.  1 1 i-'^idi r  <3  the  31'-  oooidi.nat e&  of  the;  obaryc-s  the 
si  11  ft  HI  cl  rate,  also  dofiie:*?.  the-  ci.oc.esf.  to  the  sclvent  of  the 
ohf.rcjC'd  atcP’!-  t  hrough  the'  pr<  oedore-  of  Leo  and  F.-’c  hards.  Cure’  et 
cl,  havi’  i  sod  sn.cl"  dcitc-.  it:  ar  .iterat-ivt'  c»1  gc-i  i  thn.  whic.h  oft  ini-l.ts 
the-  c  1  f  <  ti  ot-t-al  i  f ■  i  r  tor  fict  ie  ns  hetv/eon  sp.ee :  f  i  c  f nne-ti  onal  groips 
c'd  aUcivs  direct  ocrcpai  ison  v/ilh  ftppeiin'onl  c-,1  cate  .The;  J-F  v.c:  h 
facto:  for  a  ejiver.  eharoc-  pc-.1r  is  n:e:difiod  by  the  raoci.  static 
a'.c.os,j..i bi.li t y  cf  tic-  tve  ejicups.  The  basic  ie'es'  .is-  that  a  charge 
fully  sv.r  J'c  und(-“d  by  solvent  vil.T  havt'  n'ar.trrup  ehif’.leiirg  by 
court  t-i  icnij  and  thus  eont  1  i  tulc-  less:  to  any  given  inte.iactic'n  ttan 
V  (harge-  with  less.  c:-epcs-uie. 

?  sot  of  irt.iinsie  pK  velnt^o,  and  'he;'  iny.’iod  self  potentials 
are  chcf.er  fc:  the;  vaiicui',  cjj-ctups  frc.pi  the  betavioi  of  fully 

se’lvatfd,  non-pej:  t  urbed,  niolecules. .The  X-ray  sitiuctujo  of  the: 

pre-'err:  aid  the.  algcrithpi  cf  Curd  et  al .  then  provieic-  ectip.atts  of 
the  fjF  shifts,  fo:  each  eji<.cp>  urdc-i  the  irflience  of  all  other 
groi-p!:.  Tho  c;:jtica1  ts's-ts  aie-  thejn  the  coirpcor  i  sen  of  caloulc  tocl 
and  ob.sfived  effects-  cf  bet  h  [F  and  ionie  stieiujth.  The  pi'  sUfts 
woi.ghtcd  by  ther  not  charge  c>f  e.>ae.h  group  yield  the-  overall 

el  €  otr  c  s.t  at  i  c  s-it  al  i  1  i  ty  of  1  he  prot  ein . 

Foi  f.  s-oriei-:  of  piycglcbirs  Ihoie  is  renaiha)  le-  ac3:-ecr:ent 
Let v/c-.on  tie  oaloul e tec  f;nd  obsoivecl  pK  shifts  for  specific  Fis 

ros-idues..  Tho  c.-alculctec  pH  clepKndc-nce  of  the  stali.lity  of  vajicus. 
[.red  ei ns;  bears  no  s..in'p3e  relst-icn  tc-  the  isceleot.ri  c  point  and 
c c>r  j  ? s-!pcnds-  v.-ell  to  the  obse  rved  onset  of  arid  ai'd:  alkaline 

don,  t  ui  s  t  i  cn .  Pecjic-ns  cf  hicti  electrie  field  noer  ther  pjotein 
idc-ni.ify  pujs.sitvle  specific  ie>i  bjiding  sitC'S.  Thfts-c  Cire';  populated 
aoc-c': di.jig  to  the.  F.o3t;'ri«rin  di sit  1  itution  r-rd  fed  irtc.  the  iteration 
c'.icnej  eitl.  the  prcitein  cheirges..  The*  birding  oonsjt.ant  s-  f.-re 

evcilviated  .  The;  c  Icct.rc  st  cit  i  c  oc>ntributioii  tc  t  Ix;  a  f-s.coieti('n  of  tvo 

pio-ieirs  heir  <3  "dcohcc  "  can  be-  c-stin-ated.  The;  ion  biiding  and 

s-talility  of  different  forms;  of  DKi.  can  be-  ca.lru]cted  hy  Iht'  sajpe;- 
eje  rif  r  a  1  pr-<  >c-c-dur  e-s-; . 

The  re-r-cr)c. hit  a<jre-cn:e.-.rit  lietwee-i.  predicticn  emd  eyperinc-nt  is 
perhaps  i  nerspc-c-t  e-d .  The;  t.hf!C>ry  as-s-un'es,  that  the-  "static"  X-ray 
structure-  can  be  used  while  suhsst ant  i al  ir.ot-ic'n,  and  thus 
f Ir  ot.Ucit  ii-tj  accessibility  is  ole-arly  coourrinej  and  P’ay  change-  with 
Sio3vei:t  condi  t  i  e-ns. .  The;  T-K  fc.ctors.  are  hascid  on  a  spherical 
particle  with  ,1  i-r:e.:otl-  srrfacc,  and  uniform  dielectrie  nerdia  v/j.th  a 
slsarp  ii.te-rfac-e  arc  as-siumocl.  He  account  is  taker  of  the?  c'ffects  cf 
partial  c:h,-.rgc-'t-  ii  the-  pjreleir  and  the  fixed  nicnx.-nts  that  result 
frcipi  their  uneven  distribution.  There  nust  bo  some-  cancellation  of 
tie  c;rr(:rs  a.*;s;cci at  e-.d  with  thesie  aosumpt  iems  t  o  permit  the  degree, 
of  <  err  slst-ic.n  aeiu-ally  found. 

Hiioh  c>f  the  rc-cent  wcrl.  cl  d.B.Matthew  v.-as-  supported  by  the 
Katic’ni'-l  In.st.itute  cf  Gencrcil  Medical  Sciences  uneier  grant  GM-2P778 
(P.M.FiohardSf  principal  inve-sst  i gator  J . 
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THE  EFFECTS  OF  LONG  RANGE  ELECTROSTATIC  FORCES  AND  THEIR  COMPUTATION  IN 
MOLECULAR  DYNAMICS 

H. J.C.Berendsen,  W.G.J.Hol  and  E. Egberts,  Chemical  Laboratories  of  the 
University  of  Groningen,  Nijenborgh  16,  Groningen,  the  Netherlands 

A  contribution  of  the  Biomolecular  Structure  Centre  (BIOS) 

A  survey  will  be  given  of  the  principal  sources  for  long-range  electrostatic 
interactions  in  proteins  and  other  biomolecular  systems,  their  functional  role 
and  the  various  methods  of  computation  of  electric  interactions  suitable  for 
molecular  dynamics  simulations. 

I'lhereas  charges  are  normally  either  screened  by  the  high  dielectric  constant 
and  the  ionic  strength  of  the  solvent,  or  are  compensated  at  short  range  by 
countercharges,  correlated  dipoles  produce  long-range  electrostatic  fields. 
Sources  for  correlated  dipoles  are  principally  alpha-helices  in  proteins, 
although  also  double  layer  charges  in  membranes  have  important  long-range 
fields.  A  linear  array  of  correlated  dipoles  acts  as  a  separated  charge  pair 
in  a  hydrophobic  environment,  producing  strong  electric  fields.  An  alpha-helix 
is  approximately  equivalent  to  a  positive  charge  of  one  half  electron  at  the 
aminoterminal  and  a  negative  charge  of  one  half  electron  at  the  carboxyl 
terminal . 

The  effects  of  helix  fields  include  binding  of  substrates,  stability  of 
conformations,  facilitation  of  proton  transfer,  stabilization  of  reaction 
intermediates  and  modification  of  redox  potentials  and  acid  dissociation 
constants. 

The  computation  of  long-range  electrostatic  interactions  is  complicated 
by  the  presence  of  a  high-dielectric  constant  medium,  and  conventional  methods 
using  a  cut-off  radius  of  less  than  10  Angstrom  fail  to  produce  accurate 
results.  For  molecular  dynamics  computations  it  is  required  to  use  efficient 
and  accurate  methods  to  compute  long-range  forces;  one  method  uses  the  evalua¬ 
tion  of  correlated  long-range  forces  only  every  10  or  20  steps.  The  use  of 
distance  dependent  dieletric  constants  leads  to  incorrect  results  and  is  not 
advised  for  accurate  evaluation  of  the  effects  of  solvent  polarization. 
Available  methods  to  compute  the  electric  fields  will  be  reviewed. 

The  computation  of  long-range  forces  in  a  bilayer  membrane  has  been 
realized  through  the  use  of  an  analytical  extension  of  the  field  outside  a 
cut-off  radius.  A  molecular  dynamics  simulation  using  this  field  has  been 
carried  out.  The  results  give  insight  into  the  polarization  of  water  molecules 
near  a  charged  membrane  and  the  dielectric  behaviour  of  the  solvent. 
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CORRELATION  BETVEEN  STRUCTURES  OF  ELECTROSTATIC  POTENTIAL  SURFACE  AND  PRaTEIN 
FUNCTIONS. 

A.  Wada^^,  H.  Nakamura^^  and  T.  Sakamato^^  ,  Department  of  Physics^^,  Faculty 

2) 

of  Science,  and  Department  of  Applied  Physics  ,  Faculty  of  Engineering,  the 
University  of  Tokyo,  Tokyo,  Japan 

We  would  like  to  discuss  the  protein  structure  and  function  in  terms  of 
electrostatic  effects.  The  effects  ate  unique  among  the  many  interactions 
because  of  their  long  range  nature,  which  sometime  extend  over  the  whole 
protein  molecules. 

The  electrostatic  field  in  and  around  globular  proteins  is  produced  by 
two  types  of  charges  ;  the  ionic  charges  and  partial  atomic  charges.  The 
ionic  ones  are  located  only  in  the  side  chains  of  ionizable  amino  acids,  while 
all  the  atoms  in  a  protein  have  the  charge  of  the  latter  type,  the  amount  of 
which  is  derived  from  the  Mulliken  population  analysis  of  molecular  orbital 
calculation. 

These  charges  produce  a  unique  electrostatic  field  pattern  corresponding 
to  the  characteristic  secondary  and  tertiary  structures  of  each  of  the 
golbular  protein.  For  instance,  in  the  secondary  structure  level,  an 
electrostatic  macrodipole  is  generated  in  the  o-helix  as  a  collective  property 
of  the  partical  atomic  charges  vrtiich  are  involved  in  such  an  ordered  backbone 
confornation.  In  this  case,  we  can  substitute  atomic  partial  charges  of  all 
atoms  of  the  a-helix  by  two  virtual  charges  (+e/2  and  -e/2)  at  the  a-helix 
termini. 

Statistical  analysis  on  the  distribution  of  the  distances  separating  the 
ionic  charges  of  ionizable  groups  and  the  virtual  charges  at  the  termini  of 
the  a-helices  indicates  that  a  charge  in  the  protein  is  surrounded,  on 
average,  by  charges  of  opposite  sign;  sometimes  they  construct  mote  tightly 
bound  ion-pairs.  This  type  of  charge  distribution  provides  locally  closed 
electronic  lines  of  force  within  a  protein  and  contributes  to  stabilize  its 
compact  structure. 

In  contrast  to  this  general  and  averaged  picture  of  charge  distribution, 
evidence  of  the  clustering  of  charges  of  the  same  sign  is  often  observed  in  a 
protein,  especially  at  its  functional  site.  In  this  case  the  electric  lines 
of  force,  i.e.  electrostatic  potential,  extend  into  the  solvent  in  that 
particular  region.  Even  if  such  charge  clustering  acts  to  destabilize  the 
local  protein  confornation,  it  acts  to  guide  a  charged  substrate  to  the  active 
site  and  to  stabilize  the  active  complex;  such  mechanism  will  expand  the 
collision  diameter  greatly. 

During  the  long  history  of  the  evolution  of  life,  living  organisms  have 
accumulated  a  great  deal  of  advantageous  characteristics  for  maintaining  their 
existence  into  genetic  information  by  the  mechanism  of  natural  selection.  In 
this  regard,  the  study  of  the  electrostatic  role  in  the  protein  functions 
gives  us  a  new  insight  into  how  such  physical  quantity  is  utilized,  sometime 
contradictorily  as  mentioned  above,  to  produce  effective  protein  functions. 

In  this  context,  we  examined  correlations  between  the  structure  of  the 
electrostatic  field  and  biological  functions  in  many  proceins  the  structures 
of  which  are  known  with  angstrom  resolution.  Remarkable  correlations  are 
found  and  can  be  displayed  graphically  in  color.  The  examinations  are  made 
on  the  entoarrassing  problem  which  comes  from  the  fact  that  the  protein  is 
imbeded  in  a  high  dielectric  medium,  water.  The  difficulties  there  are  in 
assigning  a  shielding  factor  for  charges  in  the  protej.n  (i.e.  the  evaluation 
of  the  effective  internal  dielectric  constant  in  a  macroscopic  scheme),  and  in 
the  technical  problem  for  calculating  the  electric  field  in  or  outside  of  the 
non-spherical  and  tugged  dielectric  boundary  of  the  protein  surface. 
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VISUAL  TRANSDUCTION  IN  PRIMATE  PHOTORECEPTORS 
D.A.  Baylor,  B.J.  Nunn  and  J.L.  Schnapf 

Neurobiology  Department,  Stanford  Medical  School,  Stanford,  CA,  USA 

The  ultimate  limits  on  many  features  of  visual  performance  probably 
derive  from  characteristics  of  the  transduction  mechanism  in  the 
photoreceptors.  Nevertheless,  little  is  known  about  the  light-evoked 
electrical  signals  of  primate  rods  and  cones.  We  have  used  suction 
electrodes  to  record  photocurrents  from  single  outer  segments  in  pieces  of 
retina  from  the  monkey  Macaca  fascicularls,  whose  photoreceptors  are 
thought  to  be  similar  to  those  of  man. 

In  rods  a  flash  of  light  causes  a  graded  suppression  of  an  inward 
dark  current  up  to  35  pA  in  amplitude.  A  single  photoisomerization  gives 
a  response  about  0.7  pA  in  peak  amplitude,  and  a  flash  causing  30 
isoraerizations  evokes  a  half-saturating  response.  The  waveform  of  the 
response  to  a  dim  flash  resembles  the  Impulse  response  of  a  series  of  6 
first  order  delays  with  time  constants  of  roughly  40  msec. 

Desensitization  of  rods  by  steady  background  light  results  mainly 
from  saturation  of  the  light-sensitive  conductance  of  the  outer  segment. 
Comparison  of  the  behavior  with  that  of  the  human  scotopic  system  suggests 
that  saturation  of  rod  vision  is  caused  by  the  saturation  in  the  outer 
segment,  while  the  mechanism  responsible  for  Weber’s  law  is  located 
central  to  the  outer  segments. 

In  complete  darkness  the  rods  give  occasional  spontaneous  signals 
resembling  responses  to  single  photons.  The  estimated  frequency  of 
occurrence  of  these  events  is  about  0.006  sec~  ,  and  they  probably  account 
for  the  "dark  light"  measured  in  human  psychophysical  experiments.  A 
second  component  of  the  dark  noise  consists  of  a  continuously-present 
current  fluctuation  of  rms  amplitude  about  0.15  pA.  It  is  not  yet  clear 
how  this  component  of  the  noise  is  suppressed  by  the  rod  system  so  that 
only  photolsomerizations  are  registered.  After  bright  light  the  recovery 
of  Che  photocurrent  is  marked  by  quantized  step-like  events  during  which 
the  dark  current  is  apparently  blocked  over  a  length  of  roughly  1  um  on 
Che  outer  segment.  Superposition  of  these  events  may  contribute  to  the 
desenslclzatlon  of  rod  vision  that  follows  bleaching. 

The  rod  spectral  sensitivity  is  fitted  by  the  Dartnall  nomogram  for  a 
rhodopsln  of  maximal  absorption  at  491  nra  and  is  in  good  agreement  with 
Che  human  scotopic  visibility  curve  after  corrections  for  absorption  in 
the  lens  and  self-screening. 

Cones  give  graded  outward  photocurrents  with  an  underswing  on  the 
recovery  phase.  The  spectral  sensitivities  measured  from  several  red- 
sensitive  and  green-sensitive  cones  are  in  good  agreement  with  estimates 
of  the  respective  pigment  absorptions  of  human  cones  as  derived  from 
color-matching  experiments.  The  long  wavelength  decline  of  the  red  cone 
sensitivity  is  more  rapid  than  that  of  the  green.  This  gives  a  simple 
basis  for  the  perceived  "yellowing"  of  monochromatic  lights  of  increasing 
wavelength  at  the  red  end  of  the  visible  spectrum. 
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MECHANOELECTRICAL  TRANSDUCTION  IN  TURTLE  HAIR  CELLS 

R.  Fettiplace  and  A.C.  Crawford,  Physiological  Laboratory,  Cambridge,  U.K. 

Hair  cells,  which  are  the  sensory  receptors  of  the  cochlea,  transduce 
acoustic  energy  into  electrical  signals,  and,  by  filtering  these  signals,  may 
also  contribute  to  the  cochlea's  frequency  selectivity.  The  mechanically 
sensitive  component  of  each  hair  cell  consists  of  about  100  stereocilia,  packed 
with  actin  filaments  and  protruding  from  the  hair  cell's  apical  surface.  The 
purpose  of  the  experiments  to  be  described  was  to  obtain  Information  about  the 
mechanical  properties  of  the  ciliary  bundles. 

The  experiments  were  performed  on  Isolated  basilar  papillae,  removed  from 
the  inner  ear  of  the  turtle,  and  separated  from  the  gelatinous  tectorial 
membrane  that  normally  envelopes  the  cilia.  Intracellular  recordings  in  this 
preparation  showed  that  the  hair  cells  were  able  to  transduce  Imposed 
deflexions  of  their  ciliary  bundles  into  changes  in  membrane  potential,  and 
did  so  in  a  frequency  selective  manner.  The  cells  could  generate  receptor 
potentials  of  1  mV  for  bundle  displacements  of  a  few  nanometres  towards  the 
klnocllium. 

The  mechanical  stiffness  of  che  ciliary  bundles  was  measured  by  bending 
them  with  the  tip  of  a  fine  flexible  glass  fibre  of  known  coapliance.  The 
base  of  the  fibre  was  driven  by  a  piezoelectric  element  and  the  subsequent 
motion  of  the  tip,  placed  on  the  bundle,  was  detected  by  a  pair  of  photodiodes 
on  which  the  magnified  image  of  the  fibre  was  focussed.  The  experiments 
suggested  that  the  ciliary  bundles  can  pivot  about  their  base,  and  the  torque 
opposing  rotation  was  estimated  as  about  2  x  10~®  Newtons/radian  for  small 
displacements  towards  or  away  from  the  klnocllium. 

When  the  flexible  fibre  was  used  to  deliver  force  steps  to  the  tip  of  the 
ciliary  bundle,  the  membrane  potential  of  the  hair  coll  underwent  a  damped 
oscillation.  The  oscillation,  reflecting  the  tuning  of  the  hair  cell,  varied 
in  frequency  from  about  20  to  350  Hz  among  different  cells.  The  range  of 
characteristic  frequencies,  and  inferred  sharpness  of  tuning  are  comparable  to 
the  values  of  these  parameters  measured  in  tlie  Intact  turtle  cochlea.  Since 
in  the  present  experiments,  the  stimuli  were  delivered  directly  to  the  ciliary 
bundles,  it  seems  likely  that  the  properties  of  individual  hair  cells  are  the 
major  determinants  of  this  cochlea's  frequency  selectivity. 
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ACTIVATION  OF  PHOTORECEPTOR  ENZYMES  BY  LIGHT 
Hermann  Kuhn 

Institut  fur  Neurobiologie  ier  KFA  Jiilich,  W.  Germany 

Rhodopsin  is  the  photosensitive  protein  in  rod  cell  outer  seg¬ 
ments  of  the  vertebrate  retina.  It  is  an  integral  membrane  protein 
embedded  in  densely  packed  stacks  of  disk  membranes,  most  of  which 
are  separate  from  the  surrounding  plasma  membrane.  Absorption  of  a 
photon  by  rhodopsin  leads  to  local  changes  in  the  concentration  of 
cytoplasmic  soluble  substances  which  are  thought  to  transmit  the 
signal  by  diffusion  to  the  plasma  membrane;  as  a  result,  the  Na^ 
ion  permeability  of  the  plasma  membrane  is  decreased.  Evidence  is 
high  that  both  Ca'*"*'  ions  and  cyclic  GMP  have  key  functions  in  this 
process  of  internal  signal  transmission.  Neither  the  relationship 
between  the  light-dependent  metabolisms  of  Ca"*"^  and  cyclic  GMP,  nor 
the  controlling  mechanisms  of  plasma  membrane  permeability,  are  yet 
understood.  On  the  other  hand,  it  has  become  rather  clear  in  re¬ 
cent  years  how  a  photoexcited  rhodopsin  (R^)  molecule  communicates 
the  message  of  photon  absorption  to  its  environment  in  the  cell:  it 
interacts  with  proteins  peripherally  associated  with  the  disk  mem¬ 
brane,  and  thereby  triggers  the  amplified  activation  of  the  enzyme 
system  that  degrades  cyclic  GMP.  1  will  discuss  the  molecular  me¬ 
chanism  by  which  R^  activates  these  enzymes. 

Light  absorption  causes  rapid  (psec)  cis-trans  isomerization  of 
rhodopsin's  chromophore  (11-cis  retinal),  followed  by  a  series  of 
protein  conformational  changes  that  occur  not  only  in  the  hydropho¬ 
bic  chromophore  binding  center,  but  also  at  the  cytoplasmic-exposed 
surface  of  rhodopsin.  Such  surface-conformational  changes  are  re¬ 
cognized  by  at  least  two  enzymes;  a  GTP-bindinq  protein  (G-protein, 
also  called  GTPase  or  transducin) ,  which  mediates  activation  of 
cyclic  GMP  phosphodiesterase,  and  a  protein  kinase  which,  in  the 
presence  of  ATP  and  independently  of  cyclic  nucleotides  and  Ca++, 
specifically  phosphorylates  photobleached  rhodopsin.  Sedimentation 
studies  show  that  these  two  enzymes,  and  a  third  protein  (48  kd 
protein) ,  bind  to  photobleached  dis)c  membranes  under  conditions  in 
which  they  would  be  soluble  in  the  dark. 

The  G-protein  consists  of  three  subunits  Go,  (37  kd)  ,  G/j(35  kd) , 
and  G^r  (6  kd)  .  Binding  of  the  G-protein  to  R*^  enables  the  exchange 
of  GTP  for  previously  bound  GDP  on  the  G<x-subunit.  In  the  absence 
of  GTP,  the  complex  formed  between  R^  and  G-protein,  R^“G(qi3P)»  is 
stable  for  many  minutes.  If  GTP  is  present,  it  rapidly  displaces 
the  bound  GDP,  leading  to  dissociation  of  the  protein  complex  into 
R^/  Go, (GTP) /  and  The  time  course  of  these  protein  interactions 

-  binding  of  G(gdP)  to  R^,  and  dissociation  of  G^{gtp)  from  R*^  - 
has  been  measured  by  taking  advantage  of  specific,  accompanying 
changes  in  light-scattering  intensity  ("binding  signal",  "dissocia¬ 
tion  signal").  It  is  in  the  range  of  tens  of  milliseconds.  One  R^ 
molecule  can  serially  interact  with  several  hundred  G-protein  mole¬ 
cules  and  thereby  catalyze  their  nucleotide  exchange.  Gof(GTP)  acti¬ 
vates  the  cyclic  GMP  phosphodiesterase  by  removing  an  inhibitory 
subunit  from  it.  The  photon  signal  is  thus  amplified  in  two  stages; 
one  photon  leads  to  activation  of  several  hundred  phosphodiesterase 
molecules,  each  of  which  hydrolyzes  about  1000  molecules  of  cyclic 
GMP  per  second.  The  activating  capacity  of  Go<(gtp)  is  slowly  termi¬ 
nated  by  its  intrinsic  GTPase  activity. 

Recent  experiments  with  purified  G-protein  and  purified,  lipid- 
free  rhodopsin  in  detergent  solution  have  shown  that  the  light- 
induced  binding  of  G-protein  to  R^,  and  the  subsequent  nucleotide 
exchange,  take  place  even  in  the  absence  of  membranes. 
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MACROMOLECULAR  CRYSVALLOGRAPHY  USING  SYNCHROTRON  RADIATION 
R.  Four me,  LURE,  CNRS-UniversitS  Paris-Sud,  Orsay,  France. 

Abstract. 

Macroraolecular  crystallography  is  highly  dependent  on  the  state  of 
available  technology.  In  particular,  the  advent  of  bright  and  tuneable 
synchrotron  radiation  sources  (SR)  in  several  countries  has  changed  both 
quantitatively  and  qualitatively  Che  collection  of  diffraction  data;  further, 
new  orientations  have  been  stimulated  and  sociological  changes  have  been 
induced  in  this  field,  at  least  in  some  countries  such  as  France  and  UK. 

(i)  Brightness:  lihen  using  the  standard  data  collection  method  (rotation 
camera)  and  the  presently  available  bending  magnet  SR  sources,  exposure  times 
are  reduced  by  about  two  orders  of  magnitude  when  compared  to  a  rotating  anode 
tube  and,  in  most  cases,  radiation  damage  for  a  given  dose  is  lower  for  the 
higher  dose  rate.  It  is  then  possible,  in  a  significant  number  of  cases,  to 
measure  more  accurate  data  to  a  higher  resolution.  This  is  a  breakthrough  for 
complex  structures,  molecular  assemblies  and/or  unusually  small  samples. 
Experimental  constraints  such  as  low  temperature  are  relaxed  when  using  SR; 
this  is  of  concern  for  studies  of  molecular  vibrations  at  various  temperatures 
through  an  analysis  of  temperature  factors  or  in  substrate-binding  experiments. 
Finally,  kinetic  experiments  on  a  sub-millisecond  time-scale  are  in  progress. 

A  systematic  investigation  of  the  radiation  damage  with  even  brighter  SR 
sources  such  as  wigglers  has  been  undertaken,  possibly  combined  with  very  low 
temperature  operation. 

(ii)  Tunability:  One  application  of  tunability  is  the  use  of  short 
wavelengths,  in  the  range  0.6-1  in  order  to  reduce  absorption  effects. 
Anotiier  application  is  related  to  optimised  anomalous  dispersion  at  one  or 
several  wavelengths,  either  to  locate  met'!  cofactors  or  to  solve  the  phase 
problem.  As  an  example,  we  will  describe  an  experiment  performed  at  LURE  on  a 
single  crystal  of  a  Tb-labelled  parvalbumin;  using  data  measured  with  an 
electronic  area  detector  at  three  wavelengths  close  to  the  LIII  absorption 
edge  of  Tb,  an  electron  density  map  has  been  calculated. 

SR  sources  stimulate  innovations  in  instrumentation,  such  as 
monochromators,  beam  monitors,  data  acquisition  systems  and  electronic  area 
detectors.  Up  to  now,  the  high  brightness  has  been  used  in  some  respects  to 
counter  balance  inefficiencies  of  films.  The  latest  electronic  detectors  may 
give  a  new  chance  to  conventional  X-ray  sources  in  high  resolution  data 
collection  and  they  are  adequate  for  anomalous  scattering  experiments  with  SR 
sources.  But  processing  the  tremendous  flow  of  information  which  is  potentially 
available  in  a  focused  beam  diffraction  experiment  with  a  bending  magnet  SR 
source  or,  a  fortiori,  a  wiggler  source  is  yet  an  unsolved  problem. 

Finally,  we  discuss  "sociological"  changes  which  have  been  induced  or 
accelerated  by  SR  sources  in  connection  with  the  concentration  and  sharing  of 
advanced  and/or  expensive  instruments  at  SR  facilities. 
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EXAFS  AKD  XANES  !  APPLICATION  TO  BIOLOGICALLY  INTERESTING  SYSTEMS 
E  S  Hasnain,  Daresbury  Laboratory,  Warrington  WA4  4AD,  Cheshire,  England. 


Extended  x-ray  absorption  fine  structure  (EXAFS)  and  x-ray  absorption  near 
edge  structure  (XANES)  have  been  increasingly  used  to  investigate  the 
environment  of  a  specific  atom  (eg  Fe  in  Haemoglobin)  in  a  biological  system. 
Various  aspects  of  the  technique  will  be  briefly  reviewed.  Examples  are 
chosen  to  Illustrate  some  of  the  strengths  and  limitations  of  the  technique. 
Results  are  presented  on  type  2  copper  proteins,  Cu-Zn  superoxide  dismutase 
and  dopamine  6-monoxygenase,  where  direct  structural  information  is  obtained 
for  the  catalytic  site. 

For  example,  the  copper  and  zinc  K-edge-EXAFS  have  been  measured  for  the 
metal  sites  of  oxidised  and  reduced  bovine  superoxide  dismutase  in  aqueous 
solution.  Detailed  analysis  of  the  spectra  indicates  that  the  copper  site  of 
the  enzyme  changes  upon  reduction  and  is  most  probably  coordinated  to  three 
imidazole  groups  at  a  shorter  distance  Cu-N^j,)  =  0.194nm  (1.94A)  in  the 
reduced  form  compared  to  a  coordination  of  four  imidazoles  at  0.199nm  (1.99A) 
and  an  oxygen  atom  from  solvent  water  at  0.224nm  (2.24A),  in  the  oxidised 
form.  Examination  of  the  edge,  near  edge  structure  and  EXAFS  of  the  zinc 
sites  Indicates  that  the  stereochemical  changes  at  copper  which  accompany 
reduction  Introduce  minimal  perturbation  on  the  stereochemistry  at  zinc. 

EXAFS  results  on  the  studies  of  calcium  in  bone,  milk  and  arthropathlc 
deposits  are  presented  illustrating  the  advantage  of  the  technique  for 
probing  subtle  changes  in  amorphous  biological  systems.  Polarisation 
dependence  of  the  XANES  is  shown  for  a  myoglobin  and  carbonyle  bound  single 
crystal  to  Illustrate  the  potential  of  obtaining  detailed  geometrical 
information  of  the  ligands  around  the  Fe  atom. 
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X-RAY  MICROSCOPY 

G.  Schmahl.  Porschungsgruppe  Rbntgenmikroskopie,  Universitat  Gbt- 
•cin'gen,  GeismarlandstrafSe  11,  Gottingen,  Fed.  Rep.  of  Germany 

X-ray  microscopy  fills  a  gap  between  optical  and  electron 
microscopy.  Using  soft  x-rays  a  higher  resolution  than  with  visib¬ 
le  light  can  be  obtained.  In  comparision  to  electron  microscopy 
thick,  wet,  unstained  specimens  can  be  examined  using  a  natural 
contrast  mechanism  caused  by  an  order  of  magnitude  difference 
between  the  absorption  coefficients  for  water  and  e.g.  protein 
in  the  soft  x-ray  region  between  2,3  nm  and  4,4  nm. 

X-ray  microscopy  was  started  with  considerable  enthusiasm 
in  the  1950' s.  This  initial  enthusiasm,  however,  slowed  down  after 
it  became  evident  that  the  achievement  of  high  resolution  and 
Siiort  exposure  time  was  beset  with  considerable  experimental  dif¬ 
ficulties.  The  renewal  of  interest  in  x-ray  microscopy  is  caused 
by  the  development  of  intense  soft  x-ray  sources,  the"  use  of  high 
resolution  x-ray  resists  for  contact  x-ray  microscopy  (  x-ray 
microradiography  )  and  the  development  of  improved  x-ray  optics. 

X-ray  contact  microscopy  experiments  have  shown  /l/'that  in 
living  specimens  features  of  about  10  nm  can  be  detected  with 
soft  x-rays.  This  high  resolution,  however,  can  be  obtained  with 
this  method  only  for  very  thin  layers  of  about  50  nm  which  are  in 
direct  contact  to  the  recording  medium.  For  imaging  of  thicker 
specimens,  e.g.  mammalian  cells,  x-ray  optical  elements,  i.e. 
x-ray  lenses  or  x-ray  mirrors  are  necessary. 

During  the  last  years  an  x-ray  microscope  has  been  developed 
at  the  University  of  Gottingen  based  on  the  development  of  con¬ 
denser  zone  plates  and  high "resolution  micro  zone  plates  as  x-ray 
lenses.  The  x-ray  microscope  had  been  installed  up  to  spring  1982 
at  the  AGO  electron  storage  ring  in  Paris/Orsay.  Since  spring  1983 
an  improved  version  of  the  microscope  is  established  at  the  BESSY 
electron  storage  ring  in  Berlin.  The  x-ray  optical  and  mechanical 
set  up  of  the  system  is  described  in  /2/.  X-ray  microscopy  ex¬ 
periments  of  biological  specimens  with  a  resolution  of  50' nm  and 
exposure  times  of  a  few  seconds  have  been  performed  using  this 
microscope  with  synchrotron  radiation  of  the  storage  ring  in  the 
wavelength  region  between  2,3  nm  and  4,5  nm. 

Scanning  x-ray  microscopes,  i.e.  systems  in  which  the  object 
is  scanned  through  a  small  x-ray  spot,  are  under  development  in 
several  laboratories  /3/  because  of  the  advantageously  reduced 
radiation  dose  of  such  systems  compared  with  imaging  x-ray  micro¬ 
scopes. 

For  further  work  in  x-ray  microscopy  for  biological  and  medi¬ 
cal  applications  the  following  points  are  most  important;  (l)Close 
cooperation  between  biologists  and  physicists  in  performing  bio¬ 
logical  research  programs,  (2)  development  of  improved  x-ray  len¬ 
ses,  namely  lenses  with  higher  resolution  and  higher  diffraction 
efficiencies,  (3)  use  of  improved  x-ray  sources,  as  e.g.  undula- 
tors  in  electron  or  positron  storage  rings  and  the  development  of 
intense  pulsed  laboratory  sources  for  soft  x-rays. 

1  B. J. Panes sa-Warren,  in  "X-Ray  Microscopy",  Eds.G.Schmahl  and  D. 

Rudolph,  Springer  Series  in  Optical  Sciences  Vol.43  ( 1984) ,p. 268; 

R.Peder  et  al, ibid. ,p. 279;  P.C. Cheng  et  al, ibid. ,p. 285 

2  D. Rudolph  et  al, ibid. ,p. 192 

3.H.Rarback  et  al, ibid. ,p. 203;  B. Niemann, ibid. ,p.217;E.Spiller, ibid 

p.226 
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RHEOLOGY  OF  RED  BLOOD  CELL  MEMBRANE 

R.  Skalak,  Bioengineering  Institute,  Department  of  Civil  Engineering  and  Engi¬ 
neering  Mechanics,  Columbia  University,  New  York,  New  York,  U.S.A. 

The  red  blood  cell  membrane  is  modelled  as  a  thin  viscoelastic  shell. 
Depending  on  the  type  of  stress  and  strain  applied,  the  properties  of  membrane 
elasticity,  viscosity,  bending  stiffness  or  plastic  behavior  may  be  predominant. 
An  important  feature  of  the  membrane  elasticity  is  that  the  elastic  modulus 
associated  with  changes  of  area  is  about  four  orders  of  magnitude  greater  than 
the  modulus  of  elasticity  associated  with  shear  deformations  at  constant  area. 
Because  of  this  feature  the  motions  of  the  red  blood  cell  membrane  take  place 
at  essentially  constant  area  under  most  circumstances.  The  membrane  fractures 
if  the  areal  strain  is  greater  than  about  two  or  three  percent.  Due  to  the 
low  shear  modulus  large  deformations  are  possible  at  low  shear  stresses  at 
constant  area.  These  moduli  are  measured  by  micropipette  experiments.  The 
bending  stiffness  gives  the  red  blood  cell  its  normal  smooth  biconcave  disk 
shape.  The  bending  stiffness  is  due  to  a  combined  action  of  the  lipid  bilayer 
and  the  cytoskeleton.  It  is  important  only  under  relatively  small  stresses. 

It  is  essential  to  the  computation  of  the  shapes  of  red  blood  cells  during 
osmotic  sphering  and  in  rouleau  formation.  At  high  stresses  the  membrane  ten¬ 
sions  predominate  and  the  influence  of  viscosity  may  be  important  under  rapid 
motions  such  as  the  sudden  entrance  of  a  red  cell  into  a  capillary.  The  plas¬ 
tic  deformation  of  the  membrane  leads  to  permanent  deformations.  The  plastic¬ 
ity  can  lead  to  formation  of  very  long  thin  tethers.  The  relatively  constant 
area  of  the  red  blood  cell  membrane  is  considered  to  be  a  reflection  of  the 
structure  of  the  lipid  bilayer  of  the  membrane.  The  membrane  elasticity  in 
shear  is  primarily  due  to  the  network  of  protein  macromolecules  on  the  endoface 
of  the  membrane.  This  cytoskeleton  evolved  continuously  during  a  prolonged 
deformation.  This  results  in  a  fading  memory  behavior  in  which  the  preferred 
configuration  of  the  membrane  from  which  elastic  strains  are  measured  may  not 
coincide  with  the  initial  stress  free  configuration.  The  model  incorporating 
evolving  preferred  configuration  reproduces  the  observed  behavior  in  which  the 
time  constants  of  transient  deformation  are  different  in  the  loading  and 
recovery  phases  of  pipette  experiments.  This  model  also  predicts  that  in  tank- 
treading  motions  the  elastic  strains  gradually  decrease  and  the  primary  influ¬ 
ence  of  the  membrane  is  its  viscous  behavior  during  a  steady  tank-treading 
motion.  For  capillary  flow,  a  model  of  an  elastic  membrane  with  constant  sur¬ 
face  area  but  negle  ing  bending  stresses  is  found  to  give  realistic  results 
for  the  shapes  and  apparent  viscosities  in  the  microcirculation.  Rouleau 
formation  is  studied  with  a  model  including  bending  resistance  and  a  surface 
energy  of  adhesion.  The  final  state  is  found  by  the  minimization  of  a  total 
potential  energy  including  the  strain  energy  (free  energy)  of  the  membrane  and 
the  surface  adhesion  energy.  The  model  computation  allows  an  estimate  of  the 
adhesion  surface  energy  to  be  derived  from  the  known  properties  and  experimental 
observation  of  the  red  blood  cell  shapes  in  rouleaux. 
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MEMBRANE  CYTOSKELETON  DYNAMICS 

M.P.  Sheetz,  Department  of  Physiology,  University  of  Connecticut  Health  Center, 
Farmington,  Connecticut.  USA  06032. 

The  rheological  properties  of  membranes  result  from  the  specific  organization 
of  the  membrane  components  and  the  rale  of  making  anu  breaking  (i.e.  dynamics)  of 
associations  between  components.  In  the  erythrocyte,  the  plasma  membrane  is  composed 
of  two  primary  structural  elements;  the  lipid  ir layer  a./J  the  membrane  cytoskelelon 
or  shell.  Because  the  lipids  are  in  a  fluid  state,  the  bilaycr  provides  little  resistance 
to  mechanical  shear;  however,  the  continuity  of  the  bilayer  and  the  asymmetry  of  the 
bilayer  surfaces  make  it  possible  to  produce  membrane  bending  forces  by  asymmetric 
changes  in  bilayer  surface  area  (Bilayer  Couple  hypothesis  (1)).  The  shear  elasticity 
properties  of  the  erythrocyte  are  believed  to  be  deteriiiined  primarily  by  the  nature 
of  the  membrane  skeleton.  We  submit  that  rapid  deformations  (<10  sec)  sample  the 
existing  organization  of  the  skeleton  whereas  under  prolonged  deformations  (>1  min) 
rearrangements  in  the  membrane  skeleton  occur  to  produce  the  fading  memory  of  pre¬ 
vious  morphology.  Because  of  the  high  concentration  of  the  major  membrane  skeletal 
components,  spectrin,  actin  and  band  4.1..  U  the  cytoplasmic  surface,  they  are  largely 
associated  (>99%  based  on  measured  Ka's)  and  alterations  m  association  constants  will 
most  dramatically  affect  the  dynamics  of  .spectrin-spectrin  and  speetrin-actin  associa¬ 
tions.  We  have  evidence  that  the  lateral  diffa.sioii  rate  of  membrane  glycoproteins 
(primarily  the  anion  channel,  band  3)  like  membrane  plsstic.ty  is  related  to  the  dynamics 
of  skeletal  associations  (2).  Control  of  lateral  diffusion  has  oeen  explained  by  a  matrix 
model  (3)  in  which  the  spectrin-actin  nslviork  forms  phy.si.jal  corals  which  fence  in 
membrane  glycoproteins  and  lateral  diffusion  of  glycoproteins  requires  the  breaking 
of  the  links  which  form  the  fence.  It  has  been  found  that  soluble  polyanions  will  dis¬ 
sociate  spectrin  from  actin  and  will  increase  glycoprotein  lateral  diffusion  rates  (2). 

The  highly  anionic  lipid,  triphosphoinosilide,  can  also  increase  membrane  skeleton  dy¬ 
namics  in  the  red  cell.  These  findings  suggest  a  role  for  polyanionic  metabolites  in 
regulating  membrane  skeleton  dynamics  membrane  geological  properties  as  well 
(4).  Indeed  recent  findings  of  Chasis  et  -al  (Blood  60:  2Da  (1982))  do  show  an  increased 
fragmentation  of  erythrocyte  membranes  under  shear  in  the  presence  of  the  endogenous 
polyanion,  2,3-diphosphoglycerate.  Because  of  the  presence  of  other  spectrins  and  actins 
in  membrane  skeletons  of  other  cells,  it  is  possible  that  the  mechanisms  of  control 
of  membrane  skeleton  dynamics  in  the  erythrocyte  may  be  generally  applied  to  control 
glycoprotein  lateral  mobility  and  membrane  rheological  properties  in  other  cells. 
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MEASUREMENT  AND  ANALYSIS  OF  FORCES  AT  MEMBRANES  AND  SURFACES 

J.N.  Israelachvlli.  Department  of  Applied  Mathematics,  Research  School  of 
Physical  Sciences,  Australian  National  University,  Canberra,  Australia. 

We  review  experimental  measurements  of  the  four  major  forces  that  occur 
between  colloidal  and  bio-colloidal  surfaces,  such  as  lipid  bilayers  and 
biological  membranes,  in  aqueous  solutions.  These  are  (i)  attractive  van  dev 
Waala  forces,  (ii)  repulsive  eleotvostacie  {double-tayev )  forces,  (iii) 
hydration  (or  solvation)  forces  which  arise  irom  the  ordering  (structuring)  of 
water  molecules  around  hydrophilic  or  hydrophobic  surface  groups  (these  forces 
can  be  repulsive  or  attractive),  and  (iv)  repulsive  stevie  forces  which  arise 
from  the  thermal  motions  of  hydrated  surface  gioups.  Sufficient  experimental 
data  is  now  available  from  direct  ireasurcmeiU  s  of  these  forces  to  allow  for 
some  reliable  estimates  to  be  made  of  theit  magnitude  and  range,  and  the 
conditions  under  which  one  or  other  of  these  forces  will  dominate. 

The  attractive  van  der  Waals  force  between  bilayers  and  membranes  is  long- 
range  (effective  out  to  15nm),  but  this  force  is  weak  and  largely 
nonspecific.  Van  der  Waals  forces  can  cause  membranes  to  come  together  and 
adhere  weakly,  but  the  strong  tight  adhesion  and  fusion  of  membranes  is  almost 
certainly  brought  about  by  other,  stronger  and  more  specific,  interactions. 

The  repulsive  electrostatic  double-layer  force  between  highly  charged 
membrane  surfaces  in  high  salt  —  corresponding  to  physiological  conditions 
can  stabilize  the  van  der  Waals  force  at  aqueous  separations  of  3-5nm. 
However,  biological  membrane  surfaces  are  rarely  highly  charged,  especially  in 
the  presence  of  divalent  cations;  and  the  most  common  lipids  in  both  animal 
and  plant  membranes  are  themselves  uncharged  (these  being  the  zwitterionic 
phosphatidyl  cholines  and  ethanolamines  in  animals,  and  the  nonionic  mono-  and 
di-galactosyldiglycerides  in  plants ). 

There  is  now  clear  evidence  that  there  are  additional  strongly  specific 
short-range  (<  3nm)  repulsive  hydration  forces  between  surfaces,  especially 
between  surfactant  and  lipid  bllayer  surfaces.  These  forces  arise  from  the 
energy  needed  to  dehydrate  hydrophilic  surface  groups.  Hydration  forces  can  be 
intrinsic  to  a  surface,  e.g.  in  the  case  of  the  uncharged  lipids  mentioned 
above,  or  they  can  be  regulated,  e.g.  by  changing  the  pH  and/or  exchanging  the 
cations  adsorbed  onto  surfaces  —  the  more  hydrated  the  bound  ions  the  stronger 
the  hydration  force.  Hydration  forces  are  particularly  important  in  regulating 
the  short-range  interactions  of  biological  membranes,  e.g.  their  adhesion  and 
stacking  (as  occurs  in  plant  thylakoid  membranes). 

At  very  short  distances,  below  Inm,  hydration  forces  can  be  oscillatory, 
having  energy  minima  at  discrete  separations  corresponding  to  integral  numbers 
of  water  molecules,  though  the  thermal  motions  of  fluid  membranes  and  their 
surface  groups  (e.g.  lipid  head-groups)  can  smear  out  the  oscillatory 
component,  resulting  in  a  purely  raonotonic  repulsive  force  law.  Further, 
between  two  hydrophobic  surfaces  the  hydration  force  is  attractive.  This 
hydrophobia  interaction  is  much  stronger  than,  but  of  comparable  range  to,  the 
van  der  Waals  Interaction. 

It  is  proposed  that  at  distances  below  2-3nm  the  major  forces  between 
bilayers  and  membranes  are  the  repulsive  hydration  and  attractive  hydrophobic 
forces  (rather  than  the  double-layer  and  van  der  Waals  forces).  But  it  is 
still  not  clear  how  these  two  interactions  operate  simultaneously  when 
hydrophilic  and  hydrophobic  groups  are  in  close  proximity  (as  occurs  at 
membrane  surfaces). 

Finally,  it  is  well  to  note  that  the  same  forces  mentioned  above  also 
govern  the  physical  properties  of  isolated  bllayers  and  membranes,  e.g.  they 
determine  head-group  areas  of  lipid  molecules.  Consequently,  there  is  an 
Intimate  correlation  (interdependence)  between  inter-membrane  and  intra- 
membrane  interactlonB 
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Hunboldt-Univercity,  Berlin  GDR 

The  structure  of  the  rnenbrane  electric  field  is  determined  by 
the  double  layers  on  both  sides  as  v/ell  as  by  the  transmembrane 
phase  potential  difference  inside-out.  Even  under  physiological 
conditions  potentio.1  differences  up  to  100  mV  may  occur  producing 
considerable  field  strength.  O'he  field,  of  course,  is  not  only 
spread  in  the  direction  perpendicula.r  to  the  membrane  area  but 
exhibits  a  complicated  three-dimensional  function.  As  a  first 
approach  however  ’ve  analysed  the  situation  only  in  one  dimension. 
For  hunan  erythrocytes,  being  the  most  simple  and  most  intensive¬ 
ly  investigated  cell,  the  following  charge  dis'cribution  was  con¬ 
sidered:  Hemoglobin  charges  as  well  as  charges  of  slov/ly  ex¬ 
changeable  ions  in  the  inside  bulk  phase,  fixed  charges  of  the 
spectrin  layer,  negative  charges  of  the  phosphatidylserine  head- 
groups  in  the  inner  lipid  leaflet,  dissociated  carboxyl  groups  of 
the  neurarrdnic  acids  in  the  outer  surface  coat  of  the  cell 
(glycocalyx) .  For  the  distribution  of  the  fixed  charges  in  the 
gl5'cocalyx  as  well  as  in  the  spectrine  layer  a  rectangular  func¬ 
tion  >>(x)  is  considered,  ’^or  this  charge  distribution  the  P0IG30II- 
30LTZ' />I!n-eauatior:  is  formulated  and  solved  by  iteration  .avoiding 
linearisation,  'iddition?*'' ly  it  is  taken  into  consideration  that 
the  charges  of  he”’oglobJ.n  strongly  depend  on  pH,  Therefore  this 
model  is  connected  with  the  occurence’ of  stationary  ionic  states 
in  erythrocytes  under  special  conditions.  This  theoretical  back¬ 
ground  enables  us  to  define  more  or  less  realistic  electrostatic 
conditions  of  orythrocyte.s  in  definite  experimental  situations, 

Experiments  were  undertaken  to  check  the  calculated  conditions 
and  to  follow  the  influence  of  field  strength  and  local  potentials 
on  various  membranal  functions.  -Ve  chose  the  variation  o*f  the  oo- 
tential  by  changing  the  outside  ionic  strength  as  well  cs  pH- 
vaiue.  Tn  solutions  of  decreasing  ionic  strength  the  transre.iibrane 
potential  increases  strongly.  Charging  the  membrane  perme.?bi  l.i  ty 
using  icnophorc-s  like  nystatine  or  amphotericine,  in  case  of 
lowered  ionic  strength,  such  conditions  could  be  obtained  where 
the  transmembrane  potential  strongly  depends  on  the  outside  pH. 

It  could  be  shown  that  the  shape  transformation  the  passive 
potassium  transport  and  the  active  sodium  transport  are  functions 
of  the  transmembrane  potential. 

The  Interpretation  of  these  experiments  leads  to  the  conclusion 
that  the  electric  field  may  influence  membrane  functions  in  quite 
distinct  v;ays.  The  passive  transport  processes  are  strongly  depen¬ 
dent  on  local  concentrotions  in  the  electric  double  layers. 
Tr-'^'ncport-proteins  are  influenced  additionally  directly  by  the 
electric  field  strength.  Complicated  feedback  mechanisms  are  to 
be  con-sidered,  especially  in  view  of  the  dynamical  structure  of 
the  glycocalyx.  which  is  determined  by  the  electrostatic  interac¬ 
tion  of  its  own  fixed  charges.  It  seem.s  that  the  human  red  blood 
coll  as  the  simplest  and  most  investigated  cell  .is  a  useful  model 
for  studying  this  question. 
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ELECTRIC  FIELD-INDUCED  CELL  FUSION 

U.  Zi mmerniann .  Lehrstuhl  fur  Biotechnologie  der  Universitat  Wurzburg, 
Rontgenring  11,  Wlirzburg,  FRG. 

In  1978  electric-field-mediated  fusion  was  discovered  for  the 
first  time.  Exposure  of  cell  suspension  to  electric  fields  of  appro¬ 
priate  geometry,  magnitude,  and  frequency  can  be  used  to  induce  cell 
fusion.  Specifically,  the  application  of  high-frequency,  inhomoge¬ 
neous  field  to  a  call  suspension  causes  the  cells  to  drift  in  the 
direction  of  the  field-inducing  electrodes  and  to  form  cell  chains 
parallel  to  the  direction  of  the  field.  Exposure  of  the  chains  to  a 
field  pulse  of  very  high  intensity  (kV/cm)  and  very  short  duration 
(microseconds)  causes  reversible  electrical  breakdown  of  adjoining 
membrane  surfaces  and  large  localized  increases  in  permeability  in 
the  breakdown  area.  Cytoplasm  exchange  between  the  adjoining  cells 
may  then  lead  to  fusion.  Such  electrically-induced  cell  fusion  has 
been  applied  successfully  to  a  variety  of  cell  types  including  plant 
protoplasts,  yeast  cells.  Friend  cells  and  liposomes,  and  has  been 
used  to  produce  giant  cells  from  as  many  as  one  thousand  erythrocy¬ 
tes.  Electric  field-induced  preparation  of  both  animal  and  himan 
hybridomas  and  yeast  hybrids  has  also  been  achieved  and  has  been 
found  to  exhibit  efficiency  several  orders  of  magnitude  better  than 
traditional  chemical-  and  virus-induced  fusion  procedures.  Other 
advantages  of  the  method  include  the  ability  to  monitor  the  process 
beneath  a  microscope,  to  preselect  the  number  and  type  of  cells  to  be 
fused,  and  to  control  the  dynamics  of  the  fusion  process  by  selection 
of  electrical  conditions  determined  to  be  least  traumatic  to  the 
cells  being  treated. 
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CONTROL  OF  SPERM  EGG  FUSION  BY  MEMBRANE  POTENTIAL:  PATCH 
RECORDING  DURING  ACTIVATION  OF  RANA  PIPIENS  EGGS.  L.A.  Jaffe, 

R.T.  Kado  and  L.F.  Muncy,  Department  of  Physiology,  University  of  Connecticut 
Health  Center,  Farmington,  Connecticut  U.S.A.,  and  Laboratoire  de  Neurobiologie 
Cellulaire,  Centre  National  de  Recherche  Scienlifique,  Gif-sur-Yvette,  FRANCE. 

At  fertilization,  a  single  sperm  nucleus  must  combine  with  the  egg  nucleus 
to  preserve  the  normal  genetic  complement  of  the  new  individual;  participation 
of  more  than  one  sperm  nucleus  leads  to  death  of  the  embryo.  In  order  to  prevent 
polyspermy,  some  species  use  an  electrical  mechanism.  At  fertilization,  the 
egg  membrane  potential  shifts  from  a  negative  to  a  transiently  positive  level. 

The  positive  potential  prevents  additional  sperm  from  fusing  with  the  egg  membrane. 

We  have  been  investigating  the  ionic  mechanism  of  the  fertilization  potential 
in  the  egg  of  the  frog,  Rana  pipiens.  For  the  20  minute  period  during  which  the 
egg's  membrane  potential  is  positive  (about  +15  mV)  the  egg  membrane  is  permeable 
to  chloride  and  potassium  ions;  the  conductance  is  maximum  during  the  first 
three  minutes  (see  N.L.  Cross  and  R.P.  Elinson,  1980,  Develop.  Biol,  li,  187-198, 
and  L.C.  Schlichter  and  L.A.  Jaffe,  1984,  Biophys.  J.  45,  23a).  In  the  present 
study,  we  investigated  the  distribution  of  the  chloride  and  potassium  channels 
on  the  egg  surface.  We  used  patch  electrodes  to  record  current  from  localized 
regions  of  the  egg  membrane  (pipet  tip  diameter  =  1-10  pm).  The  jelly  and  vitelline 
envelope  of  the  egg  were  removed  mechanically  after  a  few  minutes  treatment 
with  protease.  Seal  resistances  of  up  to  one  gigohm  were  obtained.  Because 
fertilization  of  naked  eggs  is  difficult,  we  artificially  activated  the  eggs,  which 
results  in  an  activation  potential.  Previous  work  (Schlichter  and  Jaffe,  1984) 
has  shown  that  artificial  activation  produces  conductance  changes  very  similar 
to  those  at  fertilization. 

In  most  experiments,  the  bath  solution  contained  10%  Ringers,  which  includes 
12  mM  Cl"  and  .2  mM  K  ,  and  the  patch  pipet  contained  .5  mM  Cl"  and  .2  mM  K  . 

Under  these  conditions,  the  chloride  conductance  produces  an  inward  current, 
while  the  potassium  conductance  produces  an  outward  current.  In  some  patches, 
both  currents  are  seen,  with  an  outward  current  initially  and  an  inward  current 
superimposed.  In  a  given  patch,  the  current  appears  10  seconds  to  three  minutes 
after  the  rise  of  the  activation  potential.  It  is  largest  for  a  period  of  several 
seconds,  but  a  smaller  current  sometimes  persists  for  minutes.  The  potassium 
current  can  be  blocked  with  10  mM  TEA;  usually  the  remaining  current  is  almost 
entirely  inward. 

By  recording  simultaneously  with  two  patch  electrodes,  we  determined 
that  the  activation-induced  chloride  and  potassium  conductances  appear  first 
in  the  animal  region  of  the  egg  and  then  in  the  vegetal  region.  The  delay  between 
the  current  recorded  from  a  patch  in  the  animal  region  and  another  patch  in  the 
vegetal  region  is  one  to  two  minutes.  With  two  electrodes  close  together,  the 
activation-induced  currents  occur  at  about  the  same  time. 

In  small  patches  (about  1  pm  tip  diameter),  we  see  single  channel  openings 
and  closings  which  produce  the  potassium  current.  The  single  potassium  channel 
conductance,  in  10%  Ringers,  is  about  30  to  40  picosiemens.  Channel  opening 
is  voltage-dependent,  becoming  more  probable  as  the  membrane  is  depolarized. 

These  channels  can  also  be  seen  in  the  unfertilized  egg,  but  their  probability 
of  being  open,  at  a  given  potential,  increases  greatly  aher  fertilization. 

Supported  by  USPHS  grant  HD14939  to  L.A.  Jaffe,  and  a  grant  from  the 
Philippe  Foundation  to  R.T.  Kado. 
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A  SHORT  REVIEW  OF  NEW  METHODS  OF  ELECTRON  MICROSCOPY  OF  BIOLOGICAL  MATERIAL 
E.  Kellenberqer,  Department  of  Microbiology,  Biozentnm  of  the  University  of 
Basel,  Basel,  Switzerland. 

The  imaging  of  biological  structures  is  not  limited  by  the  resolving  power 
of  madern  instruments  but  related  to  the  specimen  preparation.  The  limitations 
are  the  following  (i)  distortiois  due  to  collapses  due  to  surface  tensions  and 
thermal  agitation,  (ii)  Distortions  (or  denaturations)  and  precipitations 
induced  by  organic  liquids,  (iii)  completely  unknown  location  of  heavy  netal 
stains  and  finally,  (iv)  the  electrai  beam  induced  destruction  during 
observation. 

(i)  Collapses  can  becone  reduced  by  partial  or  ccmplete  embedding.  Here  the 
observation  of  thin  layers  of  frozen  hydrated  particle  suspensions,  when  still 
in  ice  and  in  absence  of  a  supporting  film  has  given  outstanding  results  at  the 
EMBL  (1).  (iii)  Stain  location  can  beccane  studied  by  a  new  imaging  mode,  the  Z- 
or  ratio  contrast,  which  allows  high  contrast  with  unstained  material  and  which 
minimizes  the  influence  of  the  surface  relief  e.g.  on  thin  sections  (2). 

Cryo-methods  beccme  successfully  developed:  besides  the  frozen  hydrated 
suspensions,  frozen  hydrated  cryosections  made  at  the  EMBL  produced  new 
infomations  (3)  in  agreement  with  cryosubstitution  and  low  temperature  resin 
ent)edings.  The  latter  which  hcwever  alicw  higher  resolutions  by  being  thinner, 
and  obviously  on  sectioi  cytochemical  labeling  is  possible. 

'Ihe  envelopes  of  E.  coli  shew  a  periplasmic  gel  of  regular  thickness 
inbetween  inner  and  outer  membrane  (4);  the  nucleoids  are  much  less  confined 
than  assumed  previously.  Their  shape  is  modified  by  chloranphenicol,  but  it  is 
no  longer  dependent  on  the  salt  concentration  of  the  growth  medium  (5).  With 
virus  related  particles  we  demonstrate  morphological  alterations  due  to  the 
embedding  procedures.  With  septate  junctions  we  shew  that  staining  does  not 
occur  on  the  hydrophobic  part  of  transmembrane  proteins  ( 2 ) . 

We  will  speculate  on  potential  further  improvements  by  using  cryolenses, 
where  the  specimen  is  hold  at  temperatures  near  10®K. 

References: 

(1)  Adrian,  M.,  Dubochet,  J.,  Lepault,  J.  and  McDcwall,  A.W.  (1984)  Nature  308, 

32-36  - 

(2)  Carlemalm,  E.  and  Kellenberger  (1982)  The  EMBO  Journal  1,  63-67 

(3)  Dubochet,  J.,  McDcwall,  A.W.,  Menge,  B.,  Schmid,  E.N.  and  Lickfeld,  K.G. 
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(4)  Hobot,  J.,  Carlemalm,  E.  and  Kellenberger,  E.:  The  periplasmic  gel:  a  new 
concept  resulting  from  the  reinvestigation  of  bacterial  cell  envelope 
ultrastructure  by  new  methods.  J.  Bacteriol.,  submitted 
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Bacteriol,  to  be  submitted. 
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AHALYTICAL  ELECTROH  !-5ICR0SC0PY  IM  BIOLOGY.  A.P.  Somlyo ,  Avril  V.  Somiyo  and  H. 
Shuman,  Penn.  Mus.  Inst.,  Univ.  of  Pa.  School  of  Med.,  Phila.,  PA  U.S.A. 

Principles  and  applications  of  electron  optical  methods  suitable  for  determin¬ 
ing  the  subcellular  distribution  of  elements  and  for  obtaining  elemental  images 
will  be  reviewed.  Electron  probe  X-ray  microanalysis  (EPMA)  utilizes  the  produc¬ 
tion  of  X-rays  having  energies  characteristic  of  the  elements  irradiated  by  a 
focussed  electron  beam.  In  ultra thin  cryosections  of  rapidly  frozen  tissues,  the 
elemental  content  of  cell  organelles  can  be  measured  with  EPMA  with  a  sensitiv¬ 
ity  (for  Ca)  better  than  Immol/kg  dry  wt.  and  a  spatial  resolution  of '~'50nra 
(1,2).  Studies  of  frog  skeletal  muscle  showed  that  the  sarcoplasmic  reticulum 
(SR)  is  not  in  ionic  communication  with  the  extracellular  space  and  that,  during 
both  tetanus  (3)  and  caffeine  contracture  (4),  the  release  of  Ca  from  the  term¬ 
inal  cisternae  (TC)  of  the  SR  is  associated  with  an  uptake  of  Mg  and  K  into  the 
TC.  The  post- tetanic  return  of  Ca  from  the  cytoplasm  to  the  TC  was  shown  to  have 
a  tj  ,  of  Isec,  similar  to  the  off- rate  of  Ca  from  parvalbumin,  and  to  be  fol- 
loweS^by  a  delayed  release  of  !'!g  from^Jhe  TC.  EPMA  also  demonstrated  ghat  mito¬ 
chondria  in  situ  do  not  accumulate  Ca"^  at  physiological  [  Ca]  (_^x10  H)  (5), 
and  has  been  used  to  study  epithelial  cell  electrolytes  (2,6).  Recently,  EPMA 
was  used  to  determine  the  effects  of  illumination  on  the  ionic  composition  of 
the  outer  and  inner  segments  and  of  mitochondria  in  retinal  rods  (Walz  et  al. 
these  Proc.),  and  to  show  the  release  of  Ca  from  the  SR  in  smooth  muscle. 

X-ray  maps  showing  elemental  distribution  to  a  resolution  of  8.7nm  can  be 
generated  by  recording  the  characteristic  X-rays  in  a  two-dimensional  array 
while  the  electron  beam  is  scanned  over  the  specimen  (I).  The  distribution  of 
various  elements  (Na,  K,  Mg,  Ca)  in  muscle  and  in  bacterial  spores  has  been 
determined  in  this  fashion  (1). 

Electron  energy  loss  spectroscopy  (BELS)  involves  the  deteotion  of  the  energy 
spectrum  of  electrons  that  have  lost  energy  as  the  result  of  inelastic  interact¬ 
ions  with  the  specimen.  Advantages  of  EELS  over  EPMA  include  the  ease  of  analyz¬ 
ing  elements  having  low  atomic  numbers  (e.g.:  C,N,0),  larger  signals  due  to 
better  detection  efficiency  and  the  utilization  of  larger  (outer  shell)  ioniza¬ 
tion  cross-sections,  and  the  availability  of  information  about  chemical  states 
(1).  Disadvantages  iiiclude  problems  due  to  plural  electron  scattering  and  a 
large  background  due  to  plasmon  and  carbon  K  shell  scattering.  The  detection 
sensitivity  of  EELfi  for  Ca  at  high  resolution  is  better  than  that  of  EPMA. 

Images  showing  the  distribution  of  characteristic  elements  can  be  generated 
with  EELS  either  in  a  conventional  transmission  electron  microscopy  (CTEM)  mode 
(e.g.  Fe  in  ferritin,  P  in  ribosomes,  I),  or  by  collecting  the  loss  electrons 
for  each  pixel  of  a  rastered  (STEM)  image.  Accurate  subtraction  of  the  usually 
large  background  is  essential  for  both  methods.  Chromatic  aberrations,  in  the 
filtered  CTEM,  and  probe  size  in  STEM  mode  are  technical  limits  on  resolution. 
The  physical  limit  to  resolution  due  to  delocalization  of  the  inelastic  scatter¬ 
ing  event  is  estimated  to  be  ~lnm  for  lOOeV  loss  at  lOOkeV  (7).  Images  of  Ca 
distribution  obtained  by  collecting  parallel  spectra  (C  through  H) 
pixel -by-pixel  to  form  EELS-STEM  will  be  demonstrated.  The  ultimate  resolution 
attainable  in  analytical  electron  microscopy  will  be  determined  by  radiation 
damage.  Low  dose  EELS  imaging  is  conceptually  feasible,  but  may  prove  technical¬ 
ly  difficult,  due  to  the  much  lower  cross-sections  for  inelastic  than  elastic 
scattering.  In  any  event,  the  visualization  of  elemental  distribution  in  cells 
and  organelles  with  EPMA  and  EELS  will  represent  a  major  application  of  electron 
microscopy  to  biology. 

Supported  by  HL15835  to  Pa.  Mus.  Inst.  &  Trg  Gr.  07499*  OSomlyo,  A.P.  &  Shuman, 
K.  Ultramicroscopy  8:  219,  1982;  2)Hall,  T.A.  &  Gupta,  B.L.  Quar.  Rev.  Biophys. 
16:  279,  1983;  3)Soralyo,  A.V.,  Gonzalez-Serratos,  H. ,  Shuman,  H. ,  McClellan,  G. 

&  .Somlyo,  A.P.  J.  Cell  Biol.  90:  577,  1981;  4)Yo3hioka,  T.  &  Somlyo,  A.P.  Bio¬ 
phys.  J.  45:  319a,  1984;  5)Somlyo,  A.P. ,  Somlyo,  A.V.,  Shuman,  H. ,  Scarpa,  A., 
Endo,  H.,  and  Inesi,  G.  Calcium  Phosphate  Transport  Across  Bioraembranes.  F. 
Bronner  &  H.  Peterlik,  eds.  Academic  Press,  NY,  87,  1981;  6)  Civan,H.M.  Epithe¬ 
lial  Ions  &  Transport.  1983;  7)Bourdillon,  A.J.  et  al.  Phil.  Hag  A  44:1335.1981. 
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SCANNING  TUNNELING  MICROSCOPY 

Prof.  H.  Rohrer,  Dr.  Gross,  C.  Binnic,  I.B.M.  Zurich  Research  Laboratory, 
Saunerstr.  4,  CH-8803  Ruschlikon,  SWITZERLAND. 

Scanning  Tunneling  Microscopy  is  a  novel  method  for  real  space  three- 
dimensional  imaging  of  surfaces  on  an  atomic  scale.  The  method  so  far  has 
been  applied  to  structural  imaging  of  surfaces,  in  particular  surface  recon¬ 
struction.  Extension  to  chemical  imaging  is  very  promising  and  the  possi¬ 
bility  to  apply  the  method  to  biological  matter  is  presently  explored.  Our 
first  example  is  DNA. 
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SIMPLE  MODELS  OF  BIOGEOCHEMICAL  CYCLES 

G.  R.  Williams,  Department  of  Biochemistry,  Scarborough  Campus,  University  of 
Toronto,  Canada  MIC  1A4. 

Most  modelling  of  biogeochemical  systems  has  aimed  at  simulation  and  has 
therefore  had  to  incorporate  as  much  of  the  complexity  of  the  modelled  system 
as  possible.  If  the  purpose  of  modelling  is  characterization  it  is  more  useful 
to  start  with  the  simplest  possible  generalized  scheme  with  the  minimum 
number  of  parameters.  The  simplest  conceivable  model  would  have  two  compaKjimts 
(nutrient  and  biota)  but  for  most  purposes  it  is  necessary  to  introduce  a 
"dead-organic"  pool  through  which  at  least  some  of  the  nutrient  is  regenera¬ 
ted.  For  a  "closed"  system  (e.g.,  a  global  model)  a  fourth  "abiotic"  pool 
is  introduced  but  "open"  three-compartment  systems  can  be  represented  as  sub¬ 
sets  of  the  four-compartment  system  if  the  abiotic  pool  is  given  dimensions 
sufficiently  large  that  it  approximates  a  constant  environmental  source  and/or 
sink.  Even  a  minimal  four-compartment  system  needs  five  constants  for  the 
chaiecterization  of  its  steady-state.  Three  of  these  are  algebraic  combina¬ 
tions  of  the  rate-constants  governing  the  flow  of  a  given  chemical  element 
between  the  abiotic,  nutrient,  "dead  organic"  pools  and  the  biota.  The 
remaining  two  are  the  "Michaelis  constant"  for  nutrient  and  the  "rarrying 
capacity"  of  the  system  (a  measure  of  the  restriction  of  biotic  growth  by  non- 
modelled  factors) .  Many  multi-box  models  ignore  these  latter  two  and  assume 
either  first-  or  second-order  relationships.  The  simple  model  makes  it  pos¬ 
sible  to  test  easily  the  consequences  of  assuming  these  limiting  cases. 
Sensitivity  analysis  is  employed  to  show  the  quantitative  effect  of  perturba¬ 
tion  of  any  given  rate-constant.  It  is  thus  possible  to  construct  a  taxonomy 
of  eco-systems  based  on  their  responsiveness  to  disturbance.  For  most  eco¬ 
systems  the  data  are  not  available  to  permit  such  characterization  and  the 
virtue  of  simplification  is  that  it  meikes  clear  the  sort  of  information  that 
is  needed  for  impact  assessment. 

Another  major  advantage  of  ultra-simple  models  is  that  they  are 
isomorphous  for  different  elements  and  it  becomes  possible  to  consider  the 
interactions  between  biogeochemical  cycles.  Two  such  four-compartment  cycles 
may  be  coupled  either  by  mass-action  effects  (Liebig's  law)  or  by  strict 
stoichiometry  (Redfield  ratios) .  If  the  rate-equations  are  written  in  such 
a  way  that  the  growth  rate  of  the  biota  is  a  function  of  both  nutrient  pools, 
the  coupling  exhibits  positive  feed-back  and  time-dependent  solutions  can 
exhibit  complex  oscillatory  behaviour,  the  amplitude  and  phase  of  which  is 
determined  by  the  same  five  constants  that  govern  the  steady-state  plus 
cross-coupling  coefficients  ("Michaelis  constants"  for  the  alternate  nutrient) . 
The  principal  factor  restraining  such  oscillations  is  however  the  strictness 
of  the  stoichiometry  between  the  elements  making  up  biomass.  The  constancy  of 
these  proportions  is  currently  the  subject  of  considerable  discussion  among 
ecologists.  This  analysis  demonstrates  that  the  issue  is  of  major  theoretical 
importance . 
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THE  MAUNA  LOA  ATMOSPHERIC  CO^  RECORD  IN  CONNECTION  WITH  MAN'S  IMPACT  ON  THE 
TERRESTRIAL  VEGETATION 

G.H.  Kohlmaier,  Instituc  fur  Physikalische  und  Theorecische  Chemie,  Universitat 
Frankfurt,  Robert-Mayer-StraUe  11,  Frankfurt  am  Main,  FRG 

Despite  of  Che  clearing  of  virgin  tropical  forests  of  11. 3- 10  ha/a  (Lanly, 
FAO)  or  even  higher  clearing  races  (Myers)  and  despite  cf  the  negative  effects 
of  acid  precipitation  over  Europe  and  the  Eastern  United  States  and  Canada  the 
amplitude  of  the  seasonal  cycle  of  atmospheric  COj ,  believed  to  be  mainly  caused 
by  the  photosynChesis/respiracion  patterns  of  the  terrestrial  vegetation,  has 
been  increasing  over  the  past  25  years  by  approximately  16%,  indicating  an  in¬ 
creased  seasonal  net  ecosystem  production.  Part  of  this  increase  in  the  ampli¬ 
tude  of  the  seasonal  cycle  may  be  due  to  a  CO^  stimulation  effect  in  connection 

.  .  .  .  3- 

wich  other  anthropogenically  released  nutrients  like  N,  S  or  PO^  .  However, 

models  of  the  changing  seasonal  net  ecosystem  productibn/net  ecosystem  respi¬ 
ration  cycle  as  a  function  of  human  impacts  show,  that  these  fertilization 
effects  alone  cannot  account  for  the  observed  amplitude  increase.  Other  effects 
to  be  considered  include  afforestation  and  regrowth  in  the  temperate  and  boreal 
forests,  increased  agricultural  production  in  the  temperate  and  tropical  zones, 
conversion  of  tropical  and  subtropical  forests  into  cropland  and  pasture  as  well 
as  selective  logging  and  small  changes  in  oceanic  productivity.  The  seasonal 
cycle,  however,  could  have  been  also  changed  by  the  increased  use  of  fossil 
fuels  affecting  the  seasonal  amplitude  by  the  difference  in  summer/winter 
atmospheric  transport  across  the  equator,  or  by  different  summer/winter  use  of 
the  fos*sil  fuels  itself. 

Simulation  models  based  on  national  forest  inventories  and  remote  sensing 
data  have  been  developed  to  describe  the  net  COj  exchange  between  atmosphere 
and  terrestrial  biota  during  Che  Mauna  Loa  period  between  1958  and  1983.  In 
particular,  a  regional  model  for  the  tropics  and  the  subtropics  has  been 
designed  pointing  out  the  differences  between  Tropical  Latin  America,  Tropical 
Africa  and  Tropical  Asia  in  shitting  cultivation  practices,  conversion  of 
forest  to  agricultural  land,  selective  tree  logging  and  use  of  wood  and  litter 
as  tuel  and  fertilizer.  A  model  for  the  temperate  and  the  boreal  zone  emphasizes 
features  such  as  regrowth  of  younger  forests  to  the  climax  state,  of  abandoned 
agricultural  lands  to  woodlands  as  well  as  the  fertilization  through  anthropo¬ 
genically  released  nutrients. 
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Plenary  Lecture  by  P.L.  Privalov 

ENERGETICS  OF  PROTEIN  STRUCTURE 
P.  L.  Privalov 

Institute  of  Protein  Research,  Academy  of  Sciences  of  the  USSR, 

Pushchino,  Moscow  Region,  USSR 

Our  conception  of  protein  structure  is  based  mainly  on  the  information  ob¬ 
tained  from  two  independent  sources:  chemical  studies  of  the  amino  acid  sequence 
in  protein  polypeptide  chains  (primary  structure  of  protein)  and  crystallogra¬ 
phic  studies  of  the  three-dimensional  arrangement  of  these  residues  in  native 
protein  (tertiary  structure  of  protein).  Havever  to  connect  these  two  levels  of 
protein  organization  and  to  understand  the  mechanism  of  transformation  of  linear 
information  contained  in  the  sequence  into  a  three-dimensional  one,  we  need  in¬ 
dependent  information,  principally  undeducible  from  the  first  two,  on  the  energy 
grounds  of  this  transformation,  i.e.  on  the  energy  grounds  of  the  unique  arran¬ 
gement  of  groups  in  native  protein  notwithstanding  the  dissipative  action  of 
thermal  motion.  This  information  can  be  obtained  by  studying  the  energy  of  dis¬ 
ordering  the  arrangement  of  protein  groups  at  an  increase  in  thermal  motion  in¬ 
tensity.  Experimentally  this  can  be  done  by  the  scanning  microcalorimetric  tech¬ 
nique  designated  specially  for  this  purpose. 

Studies  on  various  proteins  and  their  fragments  show  that  at  temperature 
increase  the  native  protein  structure  disrupts  stepwise,  absorbing  discrete 
energy  portions.  The  energy  discreteness  of  protein  reflects  the  structural  dis¬ 
creteness  of  these  macromolecular  systems  which  present  a  set  of  more  or  less 
independent,  but  quite  definite,  cooperative  subsystems.  The  subdivision  into 
structural  subunits,  i.e.  domains,  and  the  extremal  cooperativi ty  of  the  sub¬ 
units  appears  to  be  a  general  principle  of  structural  organization  of  proteins, 
which  seems  to  have  an  evolutionary,  functional  and  physical  basis. 

Physically,  the  discreteness  of  protein  structure  proceeds  from  the  necessi¬ 
ty  of  cooperation  of  many  weak  secondary  interactions  to  withstand  against  ther¬ 
mal  motion  at  physiological  temperature  and  of  limitations  imposed  on  their 
cooperation.  For  heterogeneous  polymers  extensive  cooperation  is  principally  im¬ 
probable  and  can  be  realized  only  in  the  case  of  some  exceptional  sequences  of 
limited  length  which  can  fold  into  unique  compact  structures.  The  compact  pack¬ 
ing  of  groups  into  clusters  with  the  separation  of  the  water  phase  seems  to  be 
essential  for  cooperation  which  is  unlike  to  be  a  simple  summation  of  all  the 
possible  efforts.  However,  the  mechanism  of  cooperation  is  still  obscure. 

The  cooperative  unit  of  proteins  usually  includes  from  50  to  200  amino  acid 
residues.  Thus,  a  small  protein  can  consist  of  a  single  cooperative  domain  while 
a  large  protein  can  consist  of  several  domains.  The  interaction  between  the  do¬ 
mains  varies  to  a  very  broad  extent  from  positive  to  negative  values,  manifest¬ 
ing  a  tendency  of  domains  to  attach  or  to  reject  each  other.  In  some  cases  do¬ 
main  interaction  changes  significantly  at  modification  of  protein,  e.g.  at 
activation  of  proteolytic  enzymes,  indicating  that  the  subdivision  into  domains 
can  be  important  for  protein  functioning. 

The  discreteness  of  protein  structure  caused  by  the  physical  lim'  ation  on 
the  cooperative  domains  suggests  that  protein  evolution  has  proceedeo  oy  the 
Joining  of  domains,  i.e.  by  the  Joining  of  sufficiently  long  peptides  capable  of 
fonr.ing  a  compact  and  stable  structure.  This  concept  is  supported  by  the  finding 
of  long  homologous  regions  in  protein  sequences  and  the  establishment  of  the 
fact  that  these  regions  usually  form  distinct  domains  in  proteins.  One  can  ima¬ 
gine  that  the  Joining  of  long  peptides  can  occur  by  the  .multiplication  and 
crosslinking  of  genes.  In  this  connection  the  discovery  of  discrete¬ 
ness  in  the  organization  of  eukaryote  genes,  i.e.  an  alternation  of  the  coding 
and  non-coding  regions,  was  most  intriguing.  A  comparison  of  known  genes  with 
the  respective  proteins  reveals  in  some  cases  a  striking  resemblance  in  their 
discrete  organization  showing  that  the  coding  region  of  a  gene  (exon)  might 
correspond  to  the  cooperative  structural  unit  of  protein,  the  domain. 
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AN  ALLOSTERIC  KOOEL  FOR  ELECTRICALLY  EXCITABLE  SOOIILM 
CHANNELS  T.  Kurtlsawa  and  J.  Otsuka,  Dept,  of  Applied  8'ol. 
Sci.,  Sci.  UriW.  0^  Tokyo,  Chiba  278,  Japan. 

An  allosteric  model  of  Monod-Hynan-Changeux  (1965)  type 
for  electrically  excitable  sodlun  channels  is  developed 
to  give  a  physical  counterpart  to  electrophysiological  data. 
In  this  model  it  is  assumed  that  the  sodium  conductance 
is  regulated  by  the  quaternary  conformation  of  a  multi- 
subunit  protein  encompassing  the  sodium  channel  and  that 
the  gating  current  Oi^iglnates  from  the  tertiary  conformation 
change  of  the  subunit  carrying  ai.  electric  dipole  noaent 
or  electric  charge;  the  accumulation  of  the  tertiary  con- 
for»dation  changes  in  one  of  quaternary  conformations  induces 
the  quaternary  conformational  transition  and  the  sigtaoidal 
dependence  of  the  sodium  conductance  on  the  voltage  is 
explained  by  this  confomational  transition.  Ihe  model 
quantitatively  explaines  the  correlation  between  the  nonaal- 
ized  sodium  conductance  and  the  fraction  o^  electric  charge* 
transferred  by  the  gating  current.  Properties  of  the  gating 
current,  charge  irmobilization  and  difference  between  the 
ON  and  OFF  kinetics  at  th''  same  membrane  potential,  are 
also  explained  by  the  tertiary  conformation  change  occurring 
in  the  respective  quaternary  conformations.  The  voltage-de- 
pendent  binding  of  the  scorpion  toxin  to  the  sodium  channel 
and  the  slowing  of  inactivation  suggests  th«t  this  toxin 
exhibits  a  preferential  binding  to  one  of  the  quaternary 
conformations. 


003 

Iftlff  nosisr.s  or  GftAMICIOIN  A  CHAWCLS  IN  CHO  HCf«RA\tS. 

A.  0>n<i.  tV-pt.  or  Physxoiogy  arxj  McJ.  Biophyaica,  Untv.  of 

Recordings  of  qri*'*cidtft  A  single  channel  events  were 
foynd  to  cuhtoit  briet  10. msec)  closings,  so  colled 
flickers  or  burstc  when  exa-:.tned  ot  higti  resolgtion.  ihe  $!''<- 
lisrity  of  the  gronictdin  flickers  to  these  of  biologtcol 
hansels  retniorces  l*>e  hypothesis  th<,t  Ute  gramicidin  ch^o- 
twl  serve  w^il  as  .»  geoer.jl  tnodel  for  channel  gating  »s 
well  j',  ionic  condoction.  At  high  activitie'^  of  HCl,  transi- 
tiof*  tc  iubccndsjct  i^'-iniature)  states  were  observed. 

The  Avertg>‘  dwrjtion  I.  tnd  intcrvil  between  I  flickers  w.», 
evilgited  b'  fittKg  exponent i.»Is  to  the  hijto'Van  distribu¬ 
tion.  jf  tf.e  ti-^e  intervils.  The  fit  rogoims  jt  le,4t  two 
expo'-enti^*)  ,  Ite  6lo--ef  however  of  sn-all  anplitudc.  Also,  'I 
fi»  to  I’*  w.t  Tttenptej  giving  xs1,7,  the  concenlf  *tion  ind 
voUnge  flepenje,'.  p  w i*  exdi'*'irted  for  CsCl  rnd  HCl  md  a  ijr'o- 
deojne  'ftwihrAn*  ,  It  wh  ,  fou^*'l  (hat  I^,  and  tVT  all  de- 
Tr“>  »•  with  volt  Je.'  results  are  relAted  to*thi  “dinpie* 
1ft  rthic(i  the  st ability  of  t(>e  channel  i'  detere>ined 
by  It'.  coordiDjtion  in  the  lipid  envlroi^nt,  od  it  is  con¬ 
cluded  tt' it  tt..*  ger.ef-jiity  of  flickers  for  hiolojital 

ch»n*>els  'll,  muolvf  tr**  intefHtt ion  ol  conforf'i.»lion»|  chen*,, 
ot  gitmi  .od  ■^v'rbfune  lipid  reorient  itiof.  Ih<  f.eld 

L-'w,,..r.*P(,  •  I  int»*rpret»'d  ),  /j  chjrge  di',pi\cemefit  u( 
ift  Ijree  •  it  «itt.  fi ,  en*  ,todie  oft  the  "ios,  ot  tor.djclion" 
i.f  th-  ijr  ,  u  Idin  di  f  by  .1  •<.low"  dlSvCl.dlOfl  of  tt»- 
nonoeer; . 
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rmcT  Of  •Aitti'M  OS  Tkt  iinb  iackagcd  csAmcibiKt  a 
chAS'Ei. 

F.C4»<li,  L.f'dsettl,  r.raiiuicfla,  K.F.r«F-*rl,  C.*:vr(or, 
|.r**gval»  fcrctrtii*.  Irft.Flel.cttrintrv,  r!>lv.P»Tna,  v.le 
Crjeicl  14,  rarm,  Jtalv,  *Ift!i?.Ceo.r«thel.,  t*nl\. 
via  Canpl  IftS,  '’edma,  Italv. 

Fearing  at  lergth  CrasUidirr  A  vi(h  Ivaophotphatldvl- 
ehelir.e  reaotis  In  the  atserMv  of  Rultllaver  llpo^ore* 
where  the  <tarrel«  are  orf.nited  In  row  of  apyregatea  <l). 
Funtef»ore  It  hai  been  deeovtrated  that  Trp  reald’iea  plav 
*r  lerertart  role  during  the  areertlv  of  th*  sojerKole- 
culatlv  r.rj'aniied  •satem  (7,t)  The  hvpcterli  hae  teen  pot 
f'^-rtvard  ttat  v.ich  aiyreyate*  ere  forced  hv  <lv.»teilng  nf  < 
tti-rpls  (4>  SeEentl*',  u  t^tr  otierved  that  a  *ll>'tt 
«'ce*x  of  fl^  v.rh  respect  to  <t  'rel  ic-,rftrat»cn  alter* 
the  ctivitv  of  the  <h*'fel.  Ve  irvestJ^ated  thvrs' 

f' re  If  the  ot'erved  f*.rtt>c  al  '■o^'jfHatj  n  cas  te  di.e  t. 
an  alirratten  of  the  rede  of  d«*ewhl\  of  the  «h*rrel  f* 
*h<vi  that  if.  the  jreaeni  of  Tl"*  th*  rertr^^rea  v-der»'o 
r«ii<eaMe  atrurtural  rodifleatters.  r'raru  fKcre»ver<e 
r<atwiettr<pta  »«en  to  Irdierte  that  alao  Tip«Trp  iPtetaei lor* 
are  aerewhat  alterated. 

v*  rikh  set 

l)PasgvaU«K<f.chettl  I.,  et  al.,1983.  Viosrlcnce  fef>orta,  ), 

J7J-U3. 

JlCavacorta  f.,  et  al. , l^SZ.rSA,  in-U£». 

))>'afottl  L.,  el  a).,  HA3,  in  Strwctvre  and  Function  of 
heilrape  Froteint  tOvayllarlello  E.,  Falrlerl  F.  fda),  )- 
10,  lUevter  Stlei're  Fwtlishera. 

6)«pi»nl  A.,  et  al.,lSAi,  m,  SA-tfi. 
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BLOCKING  EFFECT  OF  INTERNAL  SODIUM  IONS  ON 
THE  POTASSIUM  CHANNELS  IN  SNAIL  NEURONES 
LS.  Me.qura  and  N.B.  Provarskaya,  Bogomolotz  Inst,  of 
Physiology,  Ukrainian  Acad,  of  Sci.,  Kiev,  U.S.S.R. 

Tho  effects  of  internal  Na"*"  ions  on  a  noninacti¬ 
vating  delayed  outward  current  and  a  transient  outward 
current  wore  studied  in  voltage  clomp  experiments  by 
using  internally  perfused  norvft  coll  bodies  from  snails 
Hcltx  pomatia.  Those  outward  currents  are  earned  pre¬ 
dominantly  by  K  ions.  Internal  concentration  of 
was  75  mM.  Internal  Na^  in  concentration  of  60  mM 
inhibited  the  noninactivating  dclr.yod  outward  current. 
This  effect  of  Na  showed  no  significant  voltage  de¬ 
pendence.  The  holding  potential  was  set  to  -100  mV  in 
order  to  remove  inactivation  o*  the  transient  outward 
current  The  normally  linear  i  istantaneous  I-V  relation¬ 
ship  for  the  transient  outward  current  was  transformed 
by  internal  Na^  (10-50  mh.)  into  an  I.-.vhapod,  Vol¬ 
tage-dependent  block  of  th  i  transi.xnt  out«>ard  current 
cliannels  by  Na^  produced  a  region  of  n#*^ativo  slope 
in  the  I-V  plot  over  a  restricted  range  of  voltages  - 
roughly  between  +40  -  +60  n.'t  The  '  oltagc  depen¬ 
dence  may  imply  that  the  bindir  i  s'te  is  within  the 
membrane  field.  The  block  occurred  at  more  positive 
voltage  when  external  concentration  was  increased. 
At  high  transmombrane  voltages  (&80  mV)  a  second 
region  of  increasing  current  was  observed.  It  was  sug¬ 
gested  that  at  high  voltage  Na  not  only  enters  the  K 
channels  but  can  pass  through  with  relative  case. 


004 

SI14SLB-C1ANNEL  REaO(U)IN3  OF  TIQi  Nft  GlAlfiKL  PRCnCIN  ISOLATtSD 
FW>H  Eloetrophorus  oloctricua  RBOCNOTITUna)  IN  PHOSPHOLIPID 
VESICLES:^  R.L.  Rosenbergi  S.A.TORuko  &  W.S.Aqnew»  Dopt. 
Physiol.#  Yale  Sch.  of  Med.#  Hew  Havon#CT#  U.S.A. 

C^h2-TTX  has  boon  used  to  follow  isolation  of  the  Na 
channel  protein  from  the  main  organ  of  electric  eel.  It  is 
formed  from  a  large  glycopeptido  of  Mr>250#000#  with  no 
evidence  for  smaller  peptide  subunits.  Amino  acid  and  car¬ 
bohydrate  analyses  revealed  thit  ”29  wti  of  the  peptide  is 
carbohydrate#  a  result  confirmed  ty  enzymatic  doglycosyla- 
tich.  When  celr.corpcrated  into  pl.ospholipid  vesicles#  the 
protein  mediates  nourotoxin-modulated  radiotracer  ion  flux. 
These  studies  indicated  the  presence  of  the  ion  channel 
itself#  and  functional  sites  for  binding  of  (i)TTX  .-.nd  SIX 
(saxitoxin)#  (2)  alkaloid  neurotoxins  including  veratrid'ne 
and  batrachotoxin#  and  (3)  local  anesthetics#  including 
dibucaine#  tetracaine#  and  Ok-2?2.  In  studies  reported 
nets#  the  liposomes  have  t-een  enUrgod  in  a  (r^oze-thaw 
cyv.io  to  lO-bO  uM  for  pitch-cUmp  recording.  In  excised 
pitches#  in  tl»  absence  of  ncurotoxins#  voltage-dependent 
events  were  observed#  with  single  channel  conductances  of 
11  nS#  mean  epen  times  cf  1.9  trisec#  permeition  selectivity 
for  sodlun  (P»jj/Pj<*’  7)#  and  extended  first  Iitenctea  of 
cpcning.  Currents  averaged  from  iruny  traces  exhibited  the 
voltago-artivition  followed  Ly  inactivition  characteristic 
of  macroscopic  sodium  currents  of  native  (Tw*r.branes  under 
voltage-cla^o.  Me  propose  that  tfie  large 
represent  the  entire  sodium  channel  functional  unit#  includ¬ 
ing  » .yltage-senriin-j  elononts#  thi>  ion  channel#  and  si  tea  tor 
drug  and  rtourotoxin  .nteractlcn. 
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•HIE  GATlir.  aiAHSS  OF  !!{£  VOLTAGE-DhTEjm/T  QtAlKEl#, 
VDAC,  CHAHGF  THEIR  ACaSSSIJUIJnnf  DETOOING  ON  TIE 
OCHFORMATICMU#  STATE  OP  TIE  FWIEIN. 

Marco  Col^Lini  &  Gaarlos  Coring#  Labs,  of  Cell  Biology# 
Dept.  Zoology#  Isaiv,  of  Maryland,  College  Park,  MIN 
The  iunino-group  r«,vigcftt#  succinic  anhyiride#  was 
us«l  to  prebo  the  hxation  of  the  gating  charges  of  the 
<dwinnel-former  from  tho  out#*r  mltodaondrial  mcinbrane# 
VCAC.  When  succinic  anhydrido  was  added  to  a  planar 
phoepholipid  bilayor  containing  VDAC  charuaels  in  tho 
epen  state#  tho  resulting  modiflod  chardiols  lost  their 
ability  to  clone  in  response  to  an  applied  electric 
field  (40  nV  transmemhreuao  potential).  This  result  is 
consistent  witli  tho  modification  ct  gating  dirges  by 
tho  anhydrido  resulting  in  channola  whi^  could  no 
lonocr  respond  to  tho  applied  field.  However#  if  tho 
anhydrido  was  added  vhilo  tho  channels  were  maintained 
in  a  closed  conformation  by  moans  of  a.*!  applied  field# 
tho  ability  of  tho  anhydride  to  modify  .t^s  voltage¬ 
gating  mechanism  depended  oni  1)  tho  direction  of  the 
field#  and  2)  which  of  tho  two  aqueous  ccctpartmcnts 
oentainod  tho  anhydrido.  Tho  modification  occured 
preferentially  when  tho  anhydrido  was  added  to  tho 
negative  side  of  the  membrann  Irrespective  of  tho 
direction  tho  field.  Therefore  when  the  field  was 
reversed#  tho  gating  charges  became  more  accessible  frea 
the  opposite  side  of  the  membrane.  Cno  set  of  gating 
charges  seemed  to  bo  respcnsiblo  for  channel  closure  at 
both  positive  and  negative  fields,  (Sifp^cd  by  NTH 
grant  GH26450) 
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PHOSPHATIOIC  ACID  REGULATES  THE  ACTIVITY  OF  CIIAHNEL-FORHING 
lONOPHORES.  A  >H-NHR  STUDY  USING  PHOSPHOLIPID  MEMBRANES 

J  A  Veiro,  6  R  A  Hunt  and  I  C  Jones.  OeparUnent  of  Science, 
the  Polytechnic  of  Wales,  Pontypridd,  Mid  6Uk,  CF37  JOL,  UK. 

techniQues  have  been  used  to  investigate  the  regulation 
of  ion  channels  by  phosphatidic  acid  which  is  aproposedactive 
Retabolite  in  the  phosphatidylinositol  (PI)  effect. Unilanella 
phospholipid  {centbranes  composed  of  egg  yolk  phosphatidylchol¬ 
ine  or  dipalnitoyl  phosphatidylcholine  were  forrted  by 
sonication  of  the  lipid  in  'H^OdOroole  cholesterol  was 
included  when  using  nystatin).  Vesicles  containing  3  or  5 
mole  %  egg  yolk  phosphatidic  acid  (PA)  were  also  prepared. 
Following  incubation  with  the  peptide  ionophores  alancthicin 
30  and  oelittin  and  the  polyene  antibiotic  nystatin, 
spectroscopy  of  the  vesicles  was  used  to  tsonitor  transport  of 
the  lanthanide  paranagnetic  probe  ion  Pr*+  across  the 
vesicular  bilayer.  Phosphatidate-containing  vesicles  alone 
showed  no  ionophore  activity.  Cor?arison  of  the  lonophore* 
inediated  transport  rates  in  the  control  vesicles  with  those 
containing  phosphatidate  showed  that  PA  prcraotes  the 
efficiency  of  the  ion  channels  fomcd  by  nelittin  and  nystatin 
,  but  inhibits  the  alanethicin  30  channels.  Further,  the 
spectra  reveal  that  the  presence  of  PA  introduces  alternative 
inechanisras  of  ion  transport,  depending  on  the  particular 
phosphatidylcholine  and  ionophore  used. 

These  results  suggest  that  in  the  PI  effect  the  role  of  PA 
is  not  to  act  directly  as  an  ionophore,  but  as  a  regulator 
of  ion  transporting  channels  in  r^ranes. 
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STRUCTURE  OF  CRRNICIDIN  A  CHANNEL  RECOMBINED  IN  A  SINGLE 
LIPID  COMPONENT  AS  DETERMINED  BY  KMR. 

L.M.  Stronk,  J.V.  Dome  and  P.W.  Weaterian.  Northeaatern 
Ohio  Universities  College  of  Medicine,  Rootetown,  Ohio, 
USA  and  Liquid  Crystal  Institute  and  Departnent  of 
Phyaica,  Kent  State  Unlvei  ity.  Kent,  Ohio,  US> 

Aqueous  sultilaaellar  dispersions  of  graaleldln  A  re*^ 
coebined  with  dlayrlatoylphosphatldylehoUne  <OHPC), 
which  Is  specifically  ^H-labelled  on  the  glycerol 
backbone,  choline  head  group,  or  hydrocarbon  chains,  have 
been  exanined  by  Analysis  of  notionallyaver* 
aged  quadrupole  splittings  indicate  that  incorporation  of 
gravicidln  A  into  DMPC  bilayers  reduces  orientatlonsl 
ordering  of  the  choline  aoeity  snu  changes  the  conforaa- 
tion  of  the  glycerol  bsckbone.  Our  results  suggest  that 
the  graaicidin  A  ion  channel  resulting  froa  NH2*terainus 
to  MHg'teralnus  diaeclratlon  of  single-stranded  6^*^ 
helices,  extends  only  across  the  hydrophobic  portion  of 
the  blla/er.  Hydrogen  bond  interactions  betu{<‘n  donor 
groups  at  the  C-t«rainua  of  each  polypeptide  chain  and 
hyd.*ogen-bond  acceptor  groups  on  DMPC  are  proposed.  In 
general,  ve  find  quadrupole  splittings  froa  the 
glycerol  backbone  and  choline  aoolty  of  DMPC  to  be  very 
sensitive  to.  and  specific  of  the  cheatcal  nature  of 
substances  vMch  are  Incorporated  into  the  lipid  biiayer. 
Patty  acids,  dlayrlstin.  other  phoapholiplda,  choles¬ 
terol  and  several  general  aneathetica  have  been  shovn  to 
signli icantly  Influence  peptlde-llpld  Interactions  in 
D.MPC-graalcidln  A  bilayers. 


011 

MOLECULAR  STRUCTURE  AND  DYNAMICS  OF  THE  NEURONAL  Na*^  CHANNEL. 
Kitoon  Anqelldes.  T.  Nutter,  L«  Elwr,  and  B,  O’Brien, 

Ibept.  Blofheoijtry,  Unix.  Florida,  Gainesville, FLA  USA 

In  excitable  cells  the  action  potential  1$  produced  by 
transient  changes  in  the  nefitrane  permeability  to  Na^  and 
ions  controlled  by  intrinsic  channels.  Ve  have  prepared  bio¬ 
logically  active  fluoresc'nt  and  photo-fluorescent  deriva¬ 
tives  of  the  neurotoxins  iTX,BTX,Lqq,  and  Css  11  to  nap  the 
molecular  structure  of  tlie  Na^  channel  by  fluorescence  energy 
transfer,  to  monitor  the  conformational  transitions  during 
conduction,  and  to  visualize  channel  distribution  and  mobil¬ 
ity.  Energy  transfer  betweea  channel  receptor  sites  yield 
these  distances:  TTX-C$$  33a,  C$s-Lqq  22a,  TTX-Lqq  35A,  and 
BTX-Lqq  37a.  Activation  by  BTX  Increases  the  TTX-Lqq  distance 
by  7a  and  Indicates  that  conformational  changes  In  the  chan¬ 
nel  are  effected  ever  significant  di$t4nces(37A),  Energy 
transfer  between  TTX  sites  shows  that  Na^  channels  are  withir 
50*70a  and  Suggest  that  In  nerve  channels  may  occur  as  oligo¬ 
mers.  In  synaptosones  clustering  of  Na^  channels  has  been 
observed  by  electron  microscopy  using  Icnunogold  complexes. 
Radiation  Inactivation  of  Na*  channels  show  Independent  func¬ 
tional  unit  sizes  for  the  TTX,Lqq,  and  Css  receptors  of  220KD 
263KD,  and  45KO:  the  BTX  receptor  shows  target  sizes  of  287KO 
and  46KD,  the  ratio  depending  upon  the  state  of  channel  acti¬ 
vation.  Electron  microscopy  of  purified  channels  show  rod¬ 
shaped  cylinders  of  40xl00Aw1th  ribbon-llke  helices^  and 
under  certain  conditions  hole-shaped  particles  of  30a 
diameter.  In  peripheral  nerve  fluorescent  Lqq  and  anti¬ 
channel  IpC  show  specific  staining  at  nodes  which  upon 
dei^elinatlon  diffuse  to  *15;«  along  the  axon. 


008 

SINGLE  CHANNEL  CURRENTS  IN  THE  EMBRYONIC  CELLS 
OF  THE  NEWT  (TRITURUS  VULGARIS) 

T.O.  Jalonen  and  A.  TalO/  Department  of  Biology, 
University  of  Turku,  Turku,  Finland, 

The  patch  clamp  technique  was  used  to  study 
the  single  channel  currents  in  the  cells  of  the 
newt  (Triturus  vulgaris) .  The  cells  of  morula, 
blastula  or  gastrula  stage  embryos  were  isolated 
mechanically  in  Holtfreter-solution.  No  enzymatic 
treatment  was  necessary  for  obtaining  giga-seals. 

Various  different  channel  types  were  found: 
(^Channels  with  small  amplitude  (0.5-2.0pA), 
small  conductance,  and  long  open  and  closed  times 
(possibly  Na  -channels);  (2)Small  amplitude  chan¬ 
nels,  vrt^ich  open  in  two-step  mode  with  fast  flick¬ 
ering  closures  and  conductance  of  about  20“25pS 
(possibly  Cl”-channels) ;  (3)Cation-channels  with 
very  short  open  times  and  conductances  of  about 
75pS  and  240pS;  (4)0ther  channel  types  with  rela¬ 
tively  long  open  tiroes  and  conductances  of  35,  50, 
90,  130,  160  and  over  200  pS.  Most  of  these  seen 
to  be  non-selcctive  cation-channels.  Future 
studies  would  reveal  more  of  the  nature  of  these 
channels  and  their  role  in  the  ionic  regulation 
of  developmental  phenomena. 
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SINGLE  Na  AND  Ca  CHANNELS  IN  VERTEBRATE  SENSORY  NEURONS. 

E.  Carbone  and  H.D.  Lux,  Max-Planck-Institut  fCir  Psychiatric, 
Piar-gg-Martlnsrlcd,  F.R.G. 

Unitary  Na  and  Ca  current  events  were  recorded  froa 
outslde-out  patches  of  cultured  dorsal  root  gangUon  cells 
of  chick  and  rat.  Na  currents  were  studied  in  Ca-deplcted 
external  and  Cs-containing  internal  solutions.  They  appeared 
in  rhe  fora  of  dlscrcu  inward  going  unitary  events  at  pot¬ 
entials  between  -SO  and  -10  dV  froa  a  holding  of  -90  nV.  Thoj 
revealed  typical  voltage-dependent  activation  and  inactivat¬ 
ion  kinetics  with  mean  open  '‘iaes  (a.o.t.)  of  2  to  3  as  at 
-40  tV  and  an  average  aapUtude  (  y  )  of  11. S  i  2  pS  at  12°C. 
The  currents  were  oliainated  by  aicroaolar  additions  of  TTX. 
Tine-dependent  inactivation  was  strongly  reduced  when  the 
patch  pipette  contained  O.l  ag/ni  of  pronase  or  SO^M  nltro- 
broBoacotaaide. 

Two  types  of  Ca  channels  were  identified  in  isolated 
patches  in  Na-frec  nedia,  containing  Choline  and^^/iM  TTX. 
Both  channels  were  blocked  by  external  Ni^  or  Cd^  .  One  type 
had  kinetic  features  siollar  to  those  of  previously  descri¬ 
bed  Ca  channels  (n.o.t.  O.i^  ns  at  -40  nV,  y  4.$  pS) .  It 
showed  slow  and  incoaplete  inactivation.  A  second  type  was 
already  activated  at  potentials  of  -50  nV  and  had  higher 
probability  to  be  open  at  cx>re  negative  holding  potentials 
(-100  to  -l2o  nV) .  Openings  of  this  channel  lasted  4  to  b  os 
on  the  average  and  its  conductance  was  9.'>  pR.  Inactivation 
was  also  faster  and  note  complete  than  that  of  the  corsaon 
Ca  channel.  The  occasional  failure  of  occurrence  of  one  of 
the  two  types  of  events  suggests  different  Ca  channels  enti¬ 
tles  rather  than  different  states  of  one  channel. 

012 

TEA*  BLOCK  CT  POTASSIUM  CHANNELS  IN  FROG  SKELETAL  MUSCLE 
A.E.  Spruce,  N,8,  Standen,  P.R.  Stanfield  t  T.A.  ward, 
Department  of  Physiology,  University  of  Leicester,  Leicester, 
LEI  7RJ<,  U.K.  ^ 

Wo  have  studied  the  effect  of  TEA  on  unitary  currents  j 
through  delayed  rectifier  K-channols  in  sarcolesaai  vesi.ies 
fomaed  in  120a^  KCl  solution.  Single  channel  currents  were 
reduced  by  TEA  in  the  external  (recording  pipette)  solution 
whi^  contained  2.5&H  KCl  and  IZa&H  (NaCltTEACD.  From  the 
currents  neasured  in  different  TEA  concentration;,,  doi^e- 
re<:ponse  curves  were  drawn. ^  The  results  were  best  fitted 
assuming  binding  oi  one  TEA  to  a  channel  and  a  dissociation 
constant  (K_>  of  at  OoV.  Ti.o  reduction  in  current  was 

attributed  to  Uie  TEA  blocking  reaction  being  too  fast  to 
resolve  (low  p>ass  filter,  )dB  down  at  IkHr) .  In  a  sequential 
reaction  scheme  where  TEA*  can  block  cnly  the  open  channel, 
halving  the  unitary  current  (»)  by  TEA^  should  be  associated 
with  a  doubling  of  the  mean  open  time  (i>.  Our  resu|t'>  did 
not  S'lggest  this  type  of  relationship  (at  OnV,  0  TLA  ,  t  - 
1.29  ♦  O.OSrA(n«ll).  T  •  4.49  ♦  '>.59B»(n-7»  j  SOstH  TEA  ,  f  - 
O.Sl  7  O.C6pA(n«6) ,  t  •  ^*’l.l3ms(n»6)),  though  the  small 

current  level  in  lOsM  TEA  caused  difficulty  in  Identifying 
closings.  In  an  attempt  to  determine  whether  TEA  bloek-'^g 
caused  increased  noise  in  the  open  level,  ve  calculate>5 
open  minus  the  baseline  variance  of  the  data  points  in 
records  but,  in  fact,  found  little  difference  between  .vi 
TEA  and  Rlngetjat  0»V(lD  TEA  ,  0.097  ♦  O.OOlpA'i  0  TLA  , 

O.On  ^0.002pA  ). 

1  N.B.  sundn.  et  al.  (19(4).  d.  Physiol.  34$,  «11P. 
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GABA-SENSITIVIiy  IN  OOCyTES 

S.Dolcx  and  F.  Susebl,  Istituto  di  Istologxa  ed  Enbrjologia 
Oenerole,  via  Scarpa  J4,  University  di  Ro<sa. 

It  has  been  recently  shown  that  the  oetsbranc  surface 
of  araphibian  and  namaalxan  oocytes  carries  receptors  for 
various  neurotransnltters  (Kusano  ct  al.,  J.Physxol, 
3^.143(1983);  Eusebi  et  al.  J. Physiol,  346.321(1984))  We 
show  here  the  presence  of  a  chcolcal  sensitivity  to  gaooa- 
atainobutyric  acid  (GABA)  xn  oouse  and  hunan  oocytes  using 
electfophyslological  techniques.  GABA  was  applied  by 
pressure  in  the  bathing  t&edius  while  recording  either 
Kceijrane  potential  or  oeabrane  current.  The  ovarian  oocytes 
studied  were  sensitive  to  GABA,  which  usually 
hyperpolarized  the  cenbrane,  with  a  decrease  followed  by  an 
increase  of  menbrane  conductance,  with  threshold 
concentration  as  low  as  10  M.  The  early  phase  of  GABA- 
potential  with  decreased  conductance  was  Ca-  and  Cl- 
dependent  and  reversed  at  -17  oV;  the  potential  aecofnpanied 
by  a  decreased  conductance  was  Cl-dependent  and  reversed  at 
-39  nV.  Mouse  and  huean  cietaphase  11  oocytes  responded  to 
GABA  in  a  way  which  reseebles  ovarian  oocytes.  In  contrast 
zygotes  were  insensitive  to  GABA  at  a  concentration  of  lo"^ 

M.  These  findings  support  the  hypothesis  that  GABA  is  a 
possible  neurooodulatory  agent  in  thie  follicles.  This  work 
has  been  suoported  by  4  WATO  Grant  387/82 

015 

DOES  SUPERNORMAL  CONDUCTION  OCCUR  IN  THE  IN-VIVO 
SQUID  AXON? 

A.Blumsohn  and  D.R.L.Scrxvon  Dept,  of  Physiology, 
University  of  the  Witwatersrand  Medical  School, 
Johannesburg 

Squid  axons  in-vivo  show  behaviour  consistent 
with  a  leak  conductance  of  the  order  of  1^, 

[Moore  and  Cole  (1960)  J.Cen. Physiol. 43,  961-97CJ  , 
a  value  less  than  one-hundredth  of  that  found  in 
the  isolated  axon.  Wo  have  examined  the  effect  of 
reducing  the  leak  conductance  to  its  in-vivo  value 
on  the  activity  dependent  velocity  variations 
shown  by  the  Hodgkin-Huxley  cable  equations.  Such 
an  axon  shows  subnormal  velocity  for  snail  inter- 
spike  intervals,  but  shows  no  superexoitablo 
range.  A  oonparison  of  the  sinulatcd  isolated  and 
in-vivo  axons  showed  that  the  large  leak  conduct¬ 
ance  of  the  isolated  axon  results  in  an  oscilla¬ 
tory  return  of  the  n  and  h  parameters  towards 
their  resting  states  after  the  action  potential. 
Excitation  during  the  periods  when  the  h  parameter 
is  super-activated  results  in  a  greater  influx  of 
sodium  and  hence  a  greater  conduction  velocity. 

The  n  and  h  parameters  of  the  simulated  in-vivo 
axon  show  a  roonotonic  return  to  their  resting 
values,  and  thus  this  axon  shows  no  supernormal 
period.  We  therefore  suggest  that  the  phenomenon 
of  supernormality  is  a  feature  of  the  isolated 
squid  axon  and  does  not  occur  in-vivo. 

017 

DISTINCTTION  BETWEEN  DIPOLAR  AND  INDUCTIVE  EFFECTS  OF 
SUBSTITUTED  PHENYLALANINE  SlOt  CHAINS  IN  MODUUTINC  THE 
SINGLE-CHANNEL  CONDUCTANCES  OF  GRAMICIDIN  A  ANALOGUES 
Roger  E.  Koeppe  11.  Unlverejty  of  Arken««s,  Fayetteville, 
Arkjnaa^  USA;  Oiaf  S.  Anderaen  and  Jean-Luc  Mazet,  Cornell 
University  Medical  College,  New  York,  New  York.  USA. 

The  alngle-ehannel  activity  of  graalcidln  A  can  be 
changed  by  replacing  the  N-teralnal  forayl-L-Val  with  other 
forayl-L-aalno  acids  of  varying  polarities.  For  exasple, 
replacing  Val  with  F^-Val  decreases  the  conductance  6-fold, 
and  likewise  F-Phe  at  Che  N-teralnal  yields  a  lover  conduc¬ 
tance  than  does  Hie.  Based  on  the  currently  accepted  0- 
hellcal  aodel  for  the  structure  of  the  channel,  these  side 
chains  are  oot  in  direct  contact  with  the  passing  ions,  but 
exert  their  effects  at  distances  sooe  6-10  A  froa  the  ions. 
The  aodulacion  of  conductance  could  be  due  prlaarily  to 
electroscatlc  ion-dipole  interactions  (*through  space*),  or 
alternatively  to  electron  withdrawing  (or  donating)  effects 
which  could  influence  Che  electronegativity  of  a  peptide 
carbonyl  oxygen  ("through  bonds").  We  have  aodresaed  this 
question  by  Maturing  the  tingle-channel  conductances  of 
graalcldtn  A  analogues  having  p''hydrcxy-(3.9  pS),  p-^echoxy* 
U0.5),  unsubstituted  (10.2),  p-fluoro-  (3.8),  and  a-fluoro- 
Phe  (6.2)  as  the  N-tertxinal  (for«yl-)  aaino  acid.  The 
Kaaaett  slgaa  paraoecera  for  the  five  different  ring  substt- 
Cuenta  are:  -0.37,  -0.27.  0.00,  -^0.06  and  40.34,  reapec- 
cively.  The  reaulta  indicate  that  there  la  no  correlation 
between  the  observed  conductance  and  Che  eleetron-vlch- 
dravlng  nropertles  of  the  pltenyl  substituent.  Therefore, 
Inductive  effects  are  less  ioportant  than  ton-dipole  li'iter- 
actlons  in  modulating  the  graalcidln  A  conductance. 


014  ORAL  PRESENTATION 

METABOLIC  DEPENDENCE  OP  CALCIUM  CIIANNEL 
FUNCTION  IN  THE  SOMATIC  MEMBRANE  OF  NERVE 
CELL 

P.G.  Kostyuk,  N.S.  Voselovsky,  P.A.  Doroshonko, 

A.E.  Martynyuk,  S.A.  Fodulova  and  Y.M,  Shuba,  Bogo- 
molctz  Institute  ot  Physiology,  Ukrainian  Acad,  of  Sci., 
Kiev,  U.S.S.R. 

Changes  in  the  function  of  potential-dependent  cal¬ 
cium  channels  have  boon  studied  on  isolated  intracel- 
lutarly  perfused  neurons  of  rat  dorsal  root  ganglia  and 
of  snail  ganglia  during  various  interferences  in  the 
cytoplasmic  processes.  The  perfusion  of  nerve  cells 
by  saline  solution,  per  so,  results  in  a  progressive 
decrease  of  calcium  currents  v/hich  :s  largely  accele¬ 
rated  by  an  increase  in  the  intracellular  ionized  cal¬ 
cium  contert.  The  study  of  single  channel  behavior 
shows  that  the  reason  for  such  a  decrease  is  switch¬ 
ing  off  a  portion  of  channels  from  the  function  without 
affecting  the  unitary  conductance.  Intracellular  introduc¬ 
tion  of  exogenous  cAMP  together  with  ATP  and  Mg 
ions  considerably  restores  the  function  of  the  channels. 
cOMP  has  no  such  an  ctfect.  Restoring  effect  can 
also  be  achieved  by  the  introduction  of  the  catalytic 
subunit  of  protein  kinase  isolated  from  bovine  heart 
muscle  together  with  ATP  (but  without  cAMP).  The 
desenood  effects  are  preserved  if  Ba  tons  are  the 
current  earner  m  the  channels.  Along  with  metabolical- 
ly-dependent  channels,  there  exists  a  population  of 
calcium  channels  slightly  sensitive  to  cytoplasmic 
disturbances. 

016 

DISTRIBUTION  OP  CALCIUM  CHANNELS  IN  A  CILIATE 
J.W.  Deltmer.  Abt.  Blologle,  Ruhr-UniversitSt, 
D-A630  Bochua,  Federal  Republic  of  Geroany 

Action  potentials  and  voltage-dependent  oen- 
brane  currents  were  Investigated  In  the  freshwater 
dilate  Stvlonvchla  nytilus.  using  two  intracellu¬ 
lar  Bicroeloctrodes.  The  action  potential  contains 
two  components,  and  the  inward  current-voltage  re¬ 
lationship  has  two  maxima,  one  at  -A5  mV  and  ano¬ 
ther  at  -17  mV,  suggesting  two  types  of  voltage- 
dependent  Inward  currents  (J.Vf.Deitmer,  J. Physiol, 
in  press).  Both  types  of  Inwerd  currents  are  blok- 
ked  when  Ca  is  replaced  by  Mg,  Co  or  Kn,  or  after 
addition  of  Cd,  but  are  present  when  Ca  is  repla¬ 
ced  by  Ba  or  Sr.  This  indicates  that  tese  Inward 
currents  flow  through  Ca  channels  in  the  membrane. 
When  the  coll  released  its  sembranellar  band,  or 
when  the  anterior  part  of  the  cell  was  severed, 
the  second  component  of  the  action  potential  and 
the  maximum  of  the  Inward  current-voltage  relation 
ship  at  -L5  mV  disappeared.  This  suggests  that  the 
two  Ca  currents  are  separable  by  their  localizat¬ 
ion  in  the  membrane:  the  Ca  current  with  its  peak 
at  -*5  mV  appears  to  be  restricted  to  the  membrane 
of  the  membranellar  band.  The  presence  of  two  vol¬ 
tage-dependent  Ca  currents  nay  be  functionally  re¬ 
lated  to  the  Independent  motor  control  of  differ¬ 
ent  ciliary  organelles  in  this  unicellular  organ- 

Supported  by  the  DFG,  SFB  114,  TP  A5 
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IfUTATIONS  OF  TVO  GENES  ALTER  DIFFERENT  COMPONENTS  OF 
POTASSIUM  CURRENTS  IN  DROSOPHIU.  Chun-Fang  Wu.  Dept,  of  Zo¬ 
ology,  Unlv.  of  Iowa,  Iowa  City,  lova  and  Barry  Ganetzky, 
Dept,  o.'  oenetlca,  Untv.  of  Wisconsin,  Madison,  Wisconsin. 

Mutations  that  alter  excitable  eeabranes  provide  one  Deans 
to  probe  the  function  and  aolecular  Identity  of  Ion  channels. 
This  approach  Is  especially  useful  for  the  study  of  channels, 
e.g.*  potasslua  channels,  which  lack  specific,  hlgh-afflnltv 
toxins  that  facilitate  blochealcal  analysis.  In  Drosophila. 
Previous  analysis  of  several  behavioral  sutants  suggested 
altered  aeabrane  currents.  We  used  tvo-alcroelectrodc  volt¬ 
age  claap  techniques  to  Measure  ceobrane  currents  In  larval 
segaental  auscle  fibers  that  are  Identifiable  and  aeet  Iso- 
potential  conditions.  Aaong  different  autants  exaalned. 
Shaker  autatlona  affect  transient  potasslua  current  (fJi  hut 
oot  delayed  rectification  potasslua  current  (Ij.)  or  Ca  cur¬ 
rent.  For  several  alleles,  I.  was  completely  cllalnated.  In 
other  alleles,  I  shoved  different  1-V  characteristics  of 
activation  but  noraal  kinetic  and  steady  state  properties  of 
inactivation.  I„  was  noraal  for  all  alleles  studied  as  indi¬ 
cated  by  1-V  characteristics,  reversal  potential  and  tall 
current  kinetics.  Mutations  of  another  gene  vere  found 
to  affect  both  I|.  and  I,.  In  certain  alleles,  was  reduced 
to  a  greater  extent  than  I.  while  the  converse  1§  true  In 
other  alleles.  We  are  currently  using  patch  claap  techniques 
to  study  single  channel  potasslua  curtents  In  the  nerve  aee?- 
brane  of  cultured  larval  CNS  neurons.  We  have  characterized, 
in  noraal  neurons,  single  channel  currents  with  sta'^lonary 
properties  corresponding  to  I„.  Studies  of  sutant  neurons 
are  in  progress.  ^ 


273 


Friday  03  August  Congress  Centre-First  Floor  Posters  01 9-024 

Posters  on  Chemical  and  Electrical  Regulation  of  Ion  Channels 


019 

COMPARATIVE  ANALYSES  Of  THE  EffECIS  Of  DIVALENT  IONS  AND 
TEA  OM  RBTZIUS  NERVE  MEMBRANES  OP  LEEai  Bofisdan  B.Belealln, 
Dept. of  Patho-Physiology,  Medical  Facultyi  Belgrade^ 
Yugoslavia. 

Unbuffered  Ca  Ringer  wnich  pH  was  between  *1  to  5.6 
obta'ned  6/  replacing  sodiua  with  calciua  and  oaitting 
phosphate  buffer  in  the  presence  of  10  or  25  iaM/1  tetra- 
ethylasaoniua  (TEA)  ions  caused  a  significant  increase  of 
coupling  resistance  in  Retzlus  nerve  cell  of  leech 

(Haeaopis  sanguisuga).  Cosparativc  analyses  showed  that 
the  changes  in  effective  input  resistance  depended  on  its 
initial  values  and  pH  of  the  external  aeuiuo.  If  the 
input  resistance  was  higher  the  drop  was  lower.  Tne  saoe 
effect  was  obtained  with  less  aclde  external  fluid. 
Addition  of  TEA  to  the  noraal  leech  Ringer  was  less 
effective  on  cell  to  cell  co*5aunlcatlon.  Enriched  Mg 
Ringer  with  25  »M  Li,  was  followed  with  an  increas**  of 
coupling  resistance  with  a  drop  of  effective  input  resis¬ 
tance.  The  present  experiaents  showed  that  Retzius  nerve 
cells  uncouoling  is  difficult  to  obtain  without  an  increase 
of  counductancc  of  "free"  aeabrane,  Indicating  at  toe 
saae  tire  that  the  effects  of  divalent  ions  and  TEA  arc 
rather  non  specific  on  coupling. 

(Supported  by  the  Research  Council  of  Serbia) 


020 

KINETICS  OF  ENOPLATE  ACETYLCHOLINE  RECEPTOR  CHANNELS  AT 
REDUCED  TEMPERATURE.  V.E.  Dionne.  Oepartfnent  of  Medicine, 
University  of  California,  San  Diego,  USA 

The  activation  kinetics  of  endplate-type  acetylcholine 
receptor  (AChR)  channels  at  garter  snake  neurocnuscular 
junctions  were  examined  at  reduced  temperature  using  single¬ 
channel  recording  methods.  The  purpose  was  to  determine 
whether,  for  synaptic  channels,  any  of  the  kinetic  complexi¬ 
ties  v^ich  have  been  reported  for  nonsynaptic  [S.H.  Sine  and 
J.H.  Steinbach  (1984)  Biophys.  J.  45:1753  and  perijunctional 
[0.  Colquhoun  and  6.  Sakmann  (1981)  Mature  294:4463  AChR 
channels  could  be  detected  using  the  improved  resolution 
brought  about  by  thermally  slowing  the  kinetic  processes. 
Studies  have  been  conducted  between  12  and  22^C  with  the 
cells  bathed  in  a  KEPES  (5  mM)  buffered  saline  at  pH  7.2 
containing  (rrrt);  159  NaCl,  2.15  KCl,  1  CaCl-,  4.2  MgCU. 
Pipettes  contained  the  same  solution  and  included  .25  to  I  uM 
acetylcholine  chloride.  Bandwidth  was  2.5  KHz.  At  22‘^C 
endplate  AChR  channel  activation  was  described  formally  by  a 
sequential  three-state  model  with  two  closed  and  one  open- 
channel  state:  C1-C2-0.  Reducing  the  temperature  caused  the 
conductance  of  the  channels  to  decrease  and  the  lifetimes  of 
the  closed-activated  state  (C2)  and  the  open  state  to 
increase  as  expected,  but  produced  no  qualitative  change  in 
AChR  activation  kinetics;  e.g. ,  open  channels  showed  no 
increase* in  flickering  at  lowered  temperature.  Synaptic  AChR 
channels  appear  to  be  kinetically  distinct  from  nonsynaptic 
channels. 


021 

PHALLOLYoIN,  A  MUSHROOM  TOXIN,  FORMS  lOH  CHANNELS 
IN  PLANAR  LIPID  BILAYERS  WHICH  ARE  GATED  BY  PRO¬ 
TONS  AND  VOLTAGE 

H.U.  Wilraoen,  H.  Faulstlch  and  G.  Boheia,  Dept. 
Ceil  Pftysioiegy,  fiuhr-Univcrsltat  Bochum,  Postfach 
D-ti63o  Bochum,  W-Geraany 
Phallolysln,  a  water  soluble  protein  of  M^ 
3Uooo  produced  by  the  mushroom  Amanita  phalloldes. 
causes  lysis  of  various  aaaaallan  cell  types.  Ly- 
sis  was  suggested  to  be  initiated  by  the  formation 
of  Ion  permeable  membrane  channels.  We  therefore 
studied  the  interaction  of  phallolysin  with  vir¬ 
tually  solvent -^ree  lipid  bilayers.  In  the  pre¬ 
sence  of  low  phaliclysin  concentrations  (lo-ioo  nM 
sing)'  channel  current  fluctuations  were  observed. 
Gating  kinetics  shovel  a  pronounced  voltage,  pH 
and  Upid  dependence.  The  correlation  between  vol¬ 
tage  and  (ols-side)  proton  concentration  reveals 
the  equivalence  of  a  pH  change  of  one  unit  to  a 
corresponding  voltage  change  of  13e  nV.  A  quanti¬ 
tative  analysis  of  the  channel  properties  was 
carried  out  on  the  basis  of  a  three  state  model 
(closed,  open,  inactive). 


022 

DIFFERENCE  IN  ASSOCIATION  OF  THALLOUS  ION  WITH  GRAMICIDIN  A 
AND  GRAMICIDIN  B  IN  LYSOPHOSPHATIDYL  CHOLINE  MICELLES  DETER¬ 
MINED  BY  TL-205  NHR.  William  1.  Whaley*,  Dikoma  Shunqu*, 
James  F.  Hinton*.  Roger  E.  Koeppe*,  and  FranciY  S'.  Miilett. 
University  of  ArkansasrFd7ettevine,  AR  72701. 

Tl-205  NHR  spectroscopy  is  a  useful  probe  for  investiga¬ 
ting  the  binding  of  ironovalent  cations  to  proteins.  71(0 
functions  similarly  to  K+  in  several  biochemical  systems. 
Gramicidin  A  (A)  and  Gramicidin  B  (B)  are  pentadecapeptides 
which  differ  only  at  residue  11,  where  L-Phe  is  present  in 
8  and  L-Trp  is  present  in  A.  Both  A  and  B  form  dimeric 
channels  which  span  lipid  bilayer  membranes.  These  channels 
are  selective  for  monovalent  cations  including  Tl(I)  and 
Agd).  The  single  channel  conductance  of  B  is  only  .65  that 
of  A.  The  explanation  for  this  difference  is  not  clearly 
understood.  We  have  monitored  the  effects  of  L-a-lysophos- 
phaUdylcholine-packaged  A  and  B  on  the  Tl-205  chenical 
shift.  Preparations  similar  to  curs  have  previously  been 
shown  to  be  a  mixture  of  micelle  and  vescicle  structures^ 
with  incorporated  pcntadecapeptide.  The  shifts  in  the  T*,- 
205  resonance  frequency  induced  by  A  in  the  phospholipid- 
packaged  system  were  about  3-fold  greater  than  the  shifts 
Induced  by  B  under  identical  conditions.  Measurements  of 
the  gramicidin-induced  chemical  shift  both  as  a  function  of 
Tl(l)  concentration  and  temperature  indicate  that  the  ton 
association  constant  for  B  is  smaller  than  that  for  A, 
(Supported  in  part  by  NSF  grant  PCM-83-00065  and  NIH  NS- 
16449.) 


023 


024 


IONIC  PROCESS  IN  PHOTOKOTILE  RESPONSES  OF  BLEPHARISMA 
JAPONICUM 

G.Colombetti,  F.Lenci,  V.Passarelli ,  C.N.R.  Istituto  di 
Biofisica,  Via  S. Lorenzo  26,  Pisa,  Italy  and  E. Barone, 
R.Nobili,  Istituto  Zoologla  UniversiU,  Via  Volta  4,  Pisa, 
Italy. 

The  ciliated  protozoan  Blepharisoa  japonicum  exhibits 
light  controlled  behaviour  in  the  form  of  an  “avoiding*  rea¬ 
ction*  i.e.  when  the  cells  are  illusinated  they  stop  and 
swim  backward  for  sc»e  seconds,  then  resume  forward  swin- 
ming  in  a  randomly  chosen  direction.  This  behaviour  may  be 
regulated  by  varying  the  external  cation  concentrations  or 
by  blocking  specific  ionic  processes.  An  increase  in  exter¬ 
nal  K*  concentrations  causes  spontaneous  backward  swiming 
and  stops  the  light  response;  this  effect  may  be  reversed 
by  adding^ external  Ca^^  so  to  keep  constant  the 
jK*[|  //  (Ca***!  ratio,  Prolonophores  and  the  Ca*^  channel 
blocking  agent  Ruthenitn-red  block  selectively  the  light 
reaction,  thus  showing  the  importance  of  and  Ca**^ 
conductivity  in  the  light  response  of  the  cells. 


MATHEMATICAL  THEORY  OF  MACROSCOPIC  VOLTAGE  CLAMP  CURRENTS, 
D.H.  Easton.  Department  of  Biological  Science, 

The  Florida  State  University,  Tallahassee,  Morida,  U.S.A. 

The  recruitment  of  specific  Ion  conductance  channel 
activity  In  squid  axon  membrane  under  voltage  clamp  Is  con¬ 
veniently  predicted  by  a  simple  equation  based  on  Gorepertz 
kinetics.  The  current  carried  by  a  specific  Ion  Is  the 
product  of  2  processes  that  proceed  exponentially  in  oppo¬ 
site  directions,  each  at  a  different  rate  that  decreases 
exponentially.  The  rate  coefficients  of  the  opposing  pro¬ 
cesses  change  in  like  fashion  with  respect  to  V,  and  there¬ 
fore  yield  simple  ratios  with  respect  to  one  another.  A  V 
step  sets  Tq,  the  Initial  rate  of  change  of  the  current 
with  time,  and  k,  the  rate  at  which  r  changes  with  time,  in 
both  processes.  The  voltage  clamp  currents  Mt)  and 
iM.(t),,  the  currer.t  l(v).as  t  •  for  either^Na'  or  K*, 
and  P®4k  W  current,  are  all  predicted  from 

simple  derived  expressions  using  these  constants.  The 
equation  Is  the  same  for  Na*  or  currents,  and 
“inactivation*  is  in  either  of  these  instances  removed  or 
produced  by  a  change  in  the  ratio  of  the  "initial*  time 
rate  (r^)  over  the  rate  of  change  (k)  of  that  rate.  All 
the  parameters  are  rationally  defined  and  no  arbitrary 
constants  are  required  in  the  theory,  which  seems  capable 
of  modelling  a  large  array  of  voltage  clasp  benaviors  mani¬ 
fested  as  the  sumed  activity  of  the  conductance  channels 
of  the  excitable  membrane. 
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025 

RAPID  tUKH  AKD  EELIEP  OF  JIOCK  IK  Cl'EEEKtS  IHROOCH 
SIKGLE  Ca-ACTIVATED  K  CHANNELS.  C.  YeUen.  Section  of 
Molecular  Neurobiology*  Yale  Uoiv.  Sch.  of  Medicine* 

Nev  Haven,  CT  irSA 

Current#  through  individual  Ca~aetivated  K  channels 
froa  chroaaffin  cells  «how  cany  brief  interruptions 
(flickers)  when  small  amounts  of  Na  are  added  to  the 
solution  bathing  Che  intracellular  face  of  the  channel. 
The  properties  of  the  flicker  are  explained  by  a  model 
for  voltage’*depcndent  channel  blockade.  The  rate 
constants  for  this  blockade  process  can  be  measured  by 
a  nev  method  for  analysing  rapid  kinetic  processes, 
amplitude  distribution  analysis. 

This  nev  method  of  analysis  yields  blocking  and 
unblocking  time  constants  in  the  microsecond  time 
range.  The  rate  constants  for  Na  block  depend  on  Na 
concentration  in  the  expected  vay:  the  entry  rate 
increasea  linearly  with  concentration*  and  the  exit 
rate  is  independent  of  coacentration.  The  entry  rate 
also  shovs  a  remarkably  high  voltage  dependence. 

Adding  permeant  ions  such  as  R  to  the  external  bath 
relieves  the  block  produced  by  internal  Na.  This 
relief  occurs  entirely  through  an  effect  on  the  exit 
rate  of  Na*  vith  no  effect  on  the  entry  rate.  Thus,  a 
competitive  model  cannot  account  for  the  relief. 
Instead*  it  seems  that  relieving  ions  expel  the 
blocking  ion  from  the  channel  by  some  sort  of  "knock-^ 
out"  mechanism. 


027 

EFFECTS  OF  WATER  MOVEMENT  ON  F-H  SPACE  AND  VOLTAGE  CLAMP 
UNIFORMITY  IN  THE  SQUID  GIANT  AXON. 

R.E. Taylor*  J.R.  Sclacrs  and  F.Bcsanilla,  Laboratory  of 
Biophysics,  NINCDS,  NIH  Bechesda,  KD*  USA  and  Department  of 
Physiology*  UCLA*  Los  Angeles,  CA,  USA. 

Using  a  simplified  model  for  the  space  between  the  nerve 
membrane  of  the  $<]uld  giant  axon  and  the  Schwann  celle  (the 
r«H  space)  and  the  clefts  between  these  cells  vc  considler 
the  effects  of  changes  In  the  osaoUrlty  of  the  external 
solution  on  the  longitudinal  resistance  of  the  F-H  space. 

We  conclude  that  an  outward  movement  of  water  will  Increase 
the  volume  of  the  F«H  space  with  concentration  slightly  less 
than  the  external  solution.  Example:  For  9$0  mOsa  inside 
and  1100  aOsa  outside  F-H  space  concentration  is  10)9  oOsa 
with  a  pressure  of  2.61  cm  of  water.  Transient  Schwann  cell 
volume  changes  would  be  expected  for  hypertonic  external 
solutions  but  experimental  results  are  similar  for  reduced 
internal  osmolarity.  These  results  have  beet,  reported 
(Stlmers,  Bezanilla  and  Taylor).  Biophysical  Journal 
13a(i984)),  that  the  slow  component  of  the  capacity 
transient  is  reduced,  as  is  the  rising  phase  of  the  gating 
current.  It  was  concluded  that  the  F-H  space  Is  expanded 
b>  the  osmotic  gradient,  the  longltudlral  resistance  is 
decreased  and  the  spatial  uniformity  of  the  voltage 
clamp  la  improved.  Supported  bv  USPHS  Grant  tfCM30376  and 
MH  Fellowship  to  JRS. 


029 

GATING  AND  TETRODOTOXIN  (HX)  BLOCK  OF  BATRACHOTOXIN-  (BTX) 
MODIFIED  SODIUM  CHANNELS  IN  : IPXD  BILAYERS.  V.N.  Green.  L.B 
Velss.  O.S.  Andersen.  Dept,  ph^rlol,*  Cornell  Unlv.  Hed. 
Coll..  1300  York  Ave,  Nev  York.  N.Y.  10031  U.S.A. 
Voltage-dspendent*  BTX-modlfled  sodium  channels  from  canine 
forebraln  synaptosoaes  were  incorporated  Into  neutral 
phospholipid  bllayers.  Single  channel  gating  was  studied  as 
fractional  open  time  as  a  function  of  membrane  potential 
the  apparent  gatlr.g  charge  vis  -4  elesentary  charges, 
and  the  midpoint  potential  (^*)  varied  between  -75  and  -95 
mV  In  0.5  H  NaCl.  Decreases  in  (NaClI  resulted  In  a  shift  of 
)(*  to  more  negative  potentials  consistent  with  changes  In 
surface  potentials  at  the  proteln/vater  Interface.  When  TTZ 
was  added  to  the  'extracellular'  aqueous  phase*  very  long 
lasting  blocks  of  the  channels  were  observed.  The  degree  of 
this  TTX-lnduced  block  was  estimated  free  the  fractional 
closed  time  which  exhibited  a  simple  saturating  behavior  as 
a  function  of  ITTXl  at  all  studied.  The  [Tn]  for  50% 
block  (Xf^)  vaj  found  to  have  a  JK-depandence  of  60-70%  and 
vary  u^tn  (Na  )•  The  unblock  rate  constant  was  Independent 
of  (Na  )•  while  the  rate  constant  for  block  varied  as  (1 
(Na  l/Kj,  )"*5  K  -20  bM.  The  ^TX-lnduced  block 
exhibited  a  sltaiar  and  (Na  I-dependence  despite  a 
different  net  charge  of  TTX  (•»!)  and  $rx  (*2),  It  m  and 
STX  bind  to  the  same  site  In  the  sodium  channel,  the 
^-dependence  of  the  block  cannot  reflect  the  electrical 
distance  between  the  extracellular  aqueous  phase  and  the 
binding  site.  The  X'^ependence  of  the  toxln-lndueed  block 
may  result  from  a  )(-dependent  ccnformatlooal  change  of  the 
c.hannel  protein. 


026 

DIFFERENCES  IN  FIRING  ADAPTATION  DURING  CONSTANT  AND  INTER¬ 
MITTENT  STIMULATION 

S.  Gestrelios  and  M,  Grarcpp,  Department  of  Physiology  and 
Biophysfe?,' "University  of  Lund,  Lund,  Sweden. 

Firing  adaptation  in  slowly  and  rapidly  adapting  stretch 
receptor  neurones  of  lobster  have  been  analyzed  by  means  of  a 
dynamical  computer  csodel  based  on  intracellular  voltage  and 
current  recordings  as  well  as  measurements  of  intracellular 
ion  concentrations.  The  proposed  model  specifically  accounts 
for  the  different  nodes  of  adaptation  displayed  by  the  two 
receptors  during  constant  stimulation  implying  that  in  its 
rapidly  adapting  form  the  model  invariably  stops  firing  de¬ 
spite  maintained  sticxjlation,  whereas  in  its  slowly  adapting 
form  It  only  reduces  its  firing  frequency  tolowerbutfinite 
stationary  levels.  In  further  investigations  employing  inter¬ 
mittent  stimulation  giving  rise  to  impulse  firing  in  bursts 
It  was  found  that  the  degree  of  adaptation  was  much  reduced 
in  slowly*  but  also  in  rapidly  adapting  cells  which*  in  fact 
lost  their  inability  to  maintain  impulse  firing  during  pro¬ 
longed  periods  of  stimulation.  Since  the  computer  model  could 
also  account  for  these  functional  modifications  it  was  used 
in  a  further  analysis  indicating  that  some  of  the  adaptive 
mechanism:.,  whose  effects  are  especially  pronounced  in  the 
rapidly  adapting  receptor,  may  have  protective  functions 
serving  to  shut  off  the  firing  activity  in  conditions  of  ex¬ 
cessively  strong  and/or  prolonged  constant  stimulation. 


028 

MICROSCOPIC  AND  MACROSCOPIC  DIFFERENCES  IN  Na  CONDUCfANCS 
KINETICS  IN  SQUID  AXON.  H.M.  Fishaan.  Dcparwacnc  of  Physio¬ 
logy  and  Biophysics,  University  of  Texas  Medical  Branch, 
Galveston,  Texas,  USA. 

An  iaiportant  assumption  in  laoaeling  Na  channel  kinetics 
is  that  relaxation  times  detcrcaned  for  a  single  channel 
are  the  same  as  those  from  measurements  on  a  large  popula¬ 
tion  of  channels.  To  test  this  assumption,  intornal  axial- 
electrode  voltage  clamp  measurements  were  made  on  squid 
axons  which  were  internally  perfused  with  a  cs  (no  K)  per¬ 
fusate  to  olialnato  K  channel  conduction.  Ns  currents 
elicited  by  step  clamps  wore  analysed  in  the  stoac'y  state 
(0.3  to  12  sec)  in  two  ways  under  the  same  conditiens  of 
ocasurement  and  tn  the  same  axon.  The  linear  complex  admit¬ 
tance,  dotonalned  by  FFT  of  the  response  to  synchronized, 
Fourier-synthesized  pseudorandom  perturbations  (1  mV)  super¬ 
posed  on  step  clamps,  was  fitted  by  a  Hodgkin-Huxley  type 
expression  for  the  admittance  to  obtain  two  natural  frequen¬ 
cies;  one  for  Na  inactivation,  f;^  •  (2vt|)'^,  and  the  other 
for  Na  activation,  The  power  spectrum  of 

fluctuations  was  fitted  by  a  double  Lorentztan  function  to 
obtain  two  corner  frequencies,  and  v?,  corresponding  to 
the  two  natural  frequencies  froa  an  adaittanco  fit  at  the 
same  membrane  potential.  In  three  axons  the  comparison,  for 
a  depolarization  range  of  50  mV  from  holding  potential  (-60 
mv),  yielded  v’s  that  oxceoded  the  corresponding  f's  by  as 
much  as  10  times.  Thus  it  appears  that,  for  Na  c^iannels  in 
squid  axons,  microscopic  and  macroscopic  kinetic  parameters 
arc  different. 


030 

KWBRANE  DYNAMICS  ASSOCIATED  WITH  EXCITABILITY  AS  RFVEAl  ED 
BY  THF  FLUORESCFNT  PROBE  PVRFNF.  H.  Duclohler.  J.P.  Desmaz^s 
and  P.  Ceorgescauld,  Centre  de  Recherches  Paul  Pascal 
(CNRS),  3340S  Talence,  France, 

The  influence  of  eeabrane  lipid  composition  and  the 
involvement  of  nerobrane  dynamics  or  fluidity  In  the  process 
of  membrane  excitation  is  still  a  controver<tlal  matter.  In 
order  to  investigate  the  eventual  interactions  between  the 
membrane  lipids  and  the  ionic  channels,  pike  and  garfish 
olfactory  nerve>  and  Myxicola  giant  axons  were  labelled  with 
pyreie,  a  hydrophobic  fluor* scent  probe,  specific  for  the 
hydrocarbon  core  of  the  membrane.  The  txcited  dimer 
(exciner)  formation  1«  controlled  by  diffusion  and  chu!> 
■sensitive  to  fluidity  changes.  When  stimulated,  the  labelled 
nervous  trunks  responded  with  a  transient  decrease  lor  the 
monomer  emission  as'^oclated  with  a  transient  decreaoe  for 
the  exciaer  emission,  ‘'his  first  set  of  results  In  indica¬ 
tive  of  a  small^^eabr^ne  rlgidification  (relative  change  of 
the  order  of  10*  -10*^^)  associated  with  neebrane  excitation. 
In  addition,  comparison  with  f luore<>cence  signals  froa 
fibers  labelled  with  ASS  (a  strictly  pctential-dependent 
probe)  shoved  that  the  pyrene  signal  developped  slightly 
earlier  than  the  propagate^  action  potential.  Voltage-clamp 
analysis  on  pyrene-labelled  M>xlcola  giant  axons  demonstrate 
the  lack  of  direct  effect  of  electric  field  changes  upon  the 
emission  properties  of  the  probe.  Only  depolarizing  steps 
Induced  fluor?scercesigna)s  suggesting  that  the  sei^rane 
rlgidification  is  not  involving  the  bulk  of  the  lipid 
b* layer  but  could  be  rather  restricted  to  the  immediate 
vicinity  of  the  tonic  channels. 
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031 

TRANSITIONS  BETWEEN  THE  DIFFERENT  CONFORMATIONAL  STATES  OF 
SODIUM  CHANNELS 

K.  Nagy  artd  D.  Hof,  I.  Physiology,  Univ.  SaarUnd, 
HcnEtirg/Saar,  FR6 

Single  sodiUQ  channels  were  studied  in  cell-attached 
patches  in  neuroblastoraa  cells,  NIE  115  at  10  ^C.  Prepulses 
of  different  height  and  length  preceded  40  »s  test  pulses 
to  (-10)-(+30)  raV  (relative  to  RP).  Results  indicate  that 
depolarizations  do  not  necessarily  induce  transitions  from 
the  closed  state  to  the  open  or  to  the  inactivated  state. 
The  probability  of  staying  in  the  closed  state  could  reach 
0.4  at  f30  raV.  At  pulse  potentials  soaller  than  20  nV 
(relative  to  RP)  a  periodicity  in  the  first  delay  histograrr 
was  observed  indicating  the  existence  of  ciore  than  one 
closed  state  before  the  open  one.  At  20  taV  the  inactivation 
tifpe  constant  calculated  froa  the  decaying  phase  of  the 
averaged  current  records  was  8.5  m,  which  is  different 
froQ)  the  value  of  18.1  ms  obtained  from  the  preoulse  ex¬ 
periments.  The  explanation  for  the  difference  could  be  that 
the  tine  constant  of  the  current  decay  reflects  transitions 
in  the  activation  pathway  and  fren  open  to  inactivated 
state,  while  in  calculation  of  the  tine  constant  from  the 
prepulse  experioents  the  closed-inactivated  transitions 
are  also  included. 


033 

NICOTINIC  RECEPTOR  CHANNELS  ACTIVATED  BY  RAPID  PERFUSION  OF 
AGONISTS.  J.P.  Dllqer.  R.  Brett  and  P.R.  Adaos,  Oepartnent 
of  Neuroblology  and  Behavior,  State  University  of  New  York, 
Stony  Brook,  NY  USA. 

He  recently  described  a  technique  for  reversibly  applying 
a  known  concentration  Junp  to  an  excised  membrane  patch  with* 
In  100  msec  (BIophYS.  0.  45,  3S6a  (1934)).  This  technique 
has  now  been  modified  to  aRow  concentration  changes  to  be 
made  within  15  msec.  He  arc  using  this  method  to  apply 
agonists  to  outs1de*out  patches  obtained  from  cultured  BC3H1 
cells  containing  nicotinic  receptor  channels.  After  an  out- 
sIde-out  patch  Is  obtained.  It  Is  moved  Into  a  small  hole  in 
a  segment  of  tubing  which  dips  Into  the  culture  dish.  Con¬ 
trol  solution  normally  flows  through  the  tubing  and  around 
the  tip  of  the  patch  electrode,  which  Is  placed  In  the  cen¬ 
ter  of  the  flow.  A  solenoid-driven  pinch  valve,  upstream 
from  the  hole.  Is  used  to  switch  between  control  solution  and 
agonist-containing  solution  at  selected  Intervals.  Using 
this  approach,  we  are  able  to  change  the  solution  bathing  an 
outside-out  patch  rapidly  enough  to  activate  most  of  the 
channels  in  the  patch  before  desensitlzation  begins.  Desen- 
sltization  processes  with  time  constants  of  about  100  msec 
are  observed  when  either  100  uH  ACh  or  1  cfl  carbachoi  Is 
applied  to  the  receptors.  He  are  using  nonstationary  fluc¬ 
tuation  analysis  to  calculate  the  open  channel  probability 
and  the  number  of  channels  in  the  patch.  Patches  with  as 
many  as  300  channels  have  been  obtained. 


035 

CAN  FLASHA  KEKBRANE-ASSCCIATND  HICKOFlLAKCI.-l?  CONTIiOL  ION  FUiXNSA 
J.E.  FricdMn,  O.E.  tiarlsh.  K.  Roscnhcck  &  A.  Oplatka 
Itia  walzaann  Institute  of  Sclonce,  Rsbovot  76  ICO  Israel 

(on  fluxes  through  channels  in  plasaa  ocebranes  are  associ- 
atoi  with  the  stinulation  of  receptors.  .Movenents  of  the  lat¬ 
ter  have  been  linked  to  cytoskelotal  eleetcnts.  We  therefore 
investigated  the  possibility  that  nicrofilaiacnts  night  nodu> 
late  coll  response  to  stinuli  by  affecting  ion  fluxes.  The 
effects  of  actrn-specific  reagents  on  secretion,  neebrane  po* 
tential  and  ion  fluxes  (Ca^*,  Rb*^,  Na^}  have  been  exaninod, 
enploying  adrenal  nedulla  chrocoaffin  cells  fused  with  lipo« 
senes  contnlning  DNase-l  or  heavy  nercayosin  (HKM) .  Both 
r<agents  caused  depolarization  of  non-stissilated  cells#  ele¬ 
vation  of  Ca'4^  influx  (for  both  nor.-stiwilated  and  acetyl- 
cnoline-stinulated  cells)  and  an  increase  in  catocholaalne 
secretion  (for  non-stiaulated  cells).  HK.M  was  found  to  induce 
a  rise  in  the  rate  and  extent  of  M*  influx  and  a  decrease  in 
f>b*  efflux.  The  introduction  of  N-ethylnaleinlde-poisoned 
KMH  lod  to  hyperpolarization  and  reduction  in  secretion.  In 
view  of  these  results,  we  propose  the  possibility  that  actin, 
with  or  without  eyosln,  nay  control  the  functioning  of  son 
channels  by  a  fine  tuning  nechanlsa.  Since  cellular  actovyo- 
sin  1»  sensitive  to  we  say  conclude  tiat  the  nechuno- 
chenieal  reactivity  of  actoayosin  in  cells  is  self-regulated, 
probably  via  a  negative  feedback  nechanisa.  Surprisingly 
enough,  relatively  high  concentrations  of  liMM  (and  aps>arently 
also  Dtiasc-l)  added  to  the  cells  froa  the  outside  caused  an 
increase  in  basal  secretion  and  aarked  changes  in  Ca^^  uptake. 

We  wonder  whether  certain  circxzsstances  (e.g.  stlaulation, 
cell  dasage  during  preparation)  aigh^  not  expose  the  tips  of 
a^abrane-touix)  ^(laat^rttK. 


032 

SHAPE  AND  OIPOLE  MOMENT  OF  SVNTHETIC  MODELS  OF  ALAKETHICIN. 

V. Rizzo  A  G. Schwarz,  Oepartiaent  of  Biophysical  Chemistry, 
Biocenter,  University  of  Basel,  Switzerland.  KsP-Voges  i 
G.Jung,  Institute  of  Organic  Chemistry,  University  of  Tubin¬ 
gen,  FRG, 

The  peptides  6oc-(A1d-Aib-Ald-Aib-Ala)o-0Ke,  n«2  and 
n*4,  have  been  synthesized  as  models  of  the  pore-mal^er  ala- 
ciethicin.  Dielectric  dispersion  measurements  in  n-octanol, 
a  solvent  which  approximates  the  hydrophobic  merr^rane  environ* 
ment,  provide  a  sensitive  determination  of  the  shape  and  di¬ 
pole  aoment  of  these  molecules.  Information  on  the  conforma¬ 
tion  and  the  aggregation  state  of  the  peptides  in  n-octanol 
Is  obtained  Independently  from  circular  dichroisra  and  ultra¬ 
centrifuge  measurements.  For  the  longer  peptide  (20  residues) 
the  results  coa^are  very  well  with  values  previously  deter¬ 
mined  for  alaaethicin,  a  peptide  with  the  same  nusoer  of  re¬ 
sidues,  in  n-octanol  :  the  molecule  is  significantly  heli¬ 
cal  and  can  be  approximated  with  a  prolate  ellipsoid  with 
axes  of  32  K  and  12  R,  and  a  dipole  moment  of  about  75  Debye. 
On  the  other  hand,  the  average  dipole  moment  determined  for 
the  decapeptide  (r^45  D  at  25^0  is  larger  than  expected 
and  increases  significantly  with  decreasing  temperature. 

This  behaviour  is  rationalized  in  terms  of  aggregation  and 
conformational  variability. 


034 

PATOI-CLAM?  STUDIES  OF  DELAYED  RECTIFIER  POTASSIUM  CHANNELS 
IN  VESICLES  OF  MUSCLE  MEMBRANE. 

A.  E.  spruwO,  N.  B.  Standen,  P.  R.  Stanfield  and  T.  A.  Ward. 
Department  of  Physiology,  University  of  Leicester,  Leicester, 
U.K. 

Me  have  used  a  patch-claop  to  record  unitary  currents 
froa  delayed  rectifier  N  channels  In  vesicles  of  sarcolesaa 
forioed  by  enzyme  trcat&ent  (collagenase  then  pzotease)  of 
frog  skeletal  auscle  iemersed  in  l2Cc.M-KCl  solution. 

Channels  were  activated  by  depolarizing  steps  of  membrane 
potential  and  their  behaviour  appeared  essentially  the  same 
in  vesicles  as  in  intact  tauscle.  The  reversal  potential  for 
the  currents  varied  with  external  tK*3.  This  variation  could 
be  fitted  by  assualnc  that  the  channel  selected  between  Na* 
and  K*  with  •  ©pc’!.  At  -iOaV  the  single-channel  chord 

conductance  was  14,7  t  O.SpS  (n  *•  8)  in  2,5a«-K*  external 
solution  and  was  about  doubled  when  (N)^  was  raised  to  l2ibaM. 
In  patches  with  several  channels  the  probability  of  observing 
any  given  number  of  channels  open  against  time  fitted  the 
inoolal  distribution,  suggesting  that  the  channels  behave 
independently.  Channel  open  times  were  distributed  as  a 
single  oxponenttel  implying  a  single  open  state,  whereas 
closed  times  could  be  fitted  by  the  sum  of  at  least  two 
exponentials.  In  $OgM-K^  external  solution,  the  mean  open 
time  was  3,5  1  0.6e»  (n  •  5)  at  +40®'/.  With  60oM-Rb* 
external  solution  and  12CB.M-Rb^  Internal  solution  the  mean 
open  time  was  Increased  at  all  potentials,  being  12.8  i  2.2 
as  (n  "  6)  at  ♦40aV.  The  chord  conductance  was  reduced  by 
Rb^*  Thus  both  channel  kinetics  and  conductance  may  be 
affected  by  the  permeant  Ion. 

036 

GATING  OF  SINGLE  SODIUM  CHANNELS 

R.  Horn  and  C.A.  Vandenberg,  Dapartaent  of  Physiology,  UCLA 
Hedical  School,  Los  Angeles,  CA  90024,  U.S.A. 

OutsIde-out  patch  and  whole-cell  recordings  of  Hi  channel 
currents  were  obtained  fron  GH3  cells  In  the  presence  of  CsF 
at  9  C.  Patch  recordings  revealed  that  Individual  channels 
open  and  close  several  times  during  a  single  depola'izing 
test  pulse,  especlal’y  to  potentials  more  hyperpolarized  than 
-30  oY.  He  estimated  rate  constants  for  a  general  -wdsl  with 
5  states  (3  closed,  1  open,  1  closed-inactivated)  using  a 
maximuo  likelihood  method  (horn,  Linge,  1983,  Blophvs  J.43; 
207).  Inactivation  could  occur  fron  any  state  In  this  model. 

B,  the  rate  constant  for  Inactivating  froa  the  open  state, 
Increasid  with  depolarization  {e-fold/\13  isY),  In  agreement 
with  results  obtained  using  N-bromoacetaalde  (Horn  et  al, 
1984,  Blophys  J.45;3?31.  The  closing  rate  constant,  on  the 
other  hand.  Increased  with  hyperpolarizatton.  Our  analysis 
suggests  that  macroscopic  Inactivation  derives  Its  voltage 
dependence  fron  both  the  activation  process  and  6.  The  estl- 
natei*  rate  constants  provided  excellent  estimates  of  the  open 
time,  w’esed  time  and  first-latency  densities,  the  tine 
course  of  averaged  currents,  the  autocovariance,  and  the  dis¬ 
tribution  of  ni^r  of  channel  openings  per  record.  Statisti¬ 
cally  acceptable  models  (compared  by  likelihood  ratio  tests) 
required  Inactivation  to  occur  froa  the  open  state  and  at 
least  one  of  the  closed  states.  The  Hodgkln-Huxley  and 
strictly-coupled  models  were  statistically  ellninated  at  the 
O.K  level. 
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037 

CONFORMATIONS  AND  SINGLE  CHANNELS  OP  NATURAL  AND 
SYNTHETIC  LINEAR  GRAMICIDINS 

F.  Heitz^«  C.  Gavach^and  Y.  Trudcllc*^,  ^Laboratoi- 
re^Physicochiraio  des  Systdracs  Polyphas6s**BP  5051, 
F34033  Montpellier  and’^^Ccntre  de  Blophyslquc 
Mol6culaire  F45045  Orleans. 

On  the  basis  of  NMR  and  IR  data,  it  is  shown 
that  Gramicidin  A  and  its  9, U , 13, 15-destryptophyi- 
phonylalanine  synthetic  analog  (Gramicidin  M)  adopt 
in  chloroform  the  same  conformation  which  is  based 
on  a  heterogeneous  helical  structure  :  antiparallcl 


'helices  at  the 


double-helix  terminated  by  two  -j.. 

C-terminal  ends  of  the  dimer.  Although  it  does 

not  correspond  to  the  active  form  (additions  of  cs 
ions  generate  strong  modifications  in  the  CD  spec¬ 
trum  involving  an  inversion  of  the  ellipticity  aro¬ 
und  220  nm)  this  finding  corroborates  all  the  obser- 
vaticns  which  indicate  that  under  identical  condi¬ 
tions,  both  Gramicidins  adopt  identical  conformati¬ 
ons.  This  points  out  the  role  of  the  side-chains  on 
the  energy  profile  of  the  channel  and  therefore  on 
the  single  channel  behaviour.  Indeed,  while  the  bla¬ 
ding  is  the  determining  step  for  Gramicidin  A,  for 
the  synthetic  analog  which  shows  a  non  linear  I-V 
curve,  the  translocation  step  is  the  determining 
process. 


039 

GMl  MICELLES  M<X)IFY  THE  TRANSPORT  PROPERTIES  OF  THE  lONOPHOBE 
GRAHICIOZN  D  IN  ARTIFICIAL  PLANAR  BZLAYERS. 

F.  GAHBALE,  C  MARCHETXI,  C.  USAI,  M.  RODELLO  and  A.  OORIO, 
tstltuto  di  Cibcrnetlca  e  Biofisica,  Corso  Mazzini  20,  Caao- 
gli  (Genova),  Italy. 

we  have  analyzed  the  effects  induced  in  different  phospho 
lipid  planar  bilayers  by  nonosialogangliosidc  alcelles  contaT 
ning  the  icnophore  gra&icidin  D.  The  mcebrane  conductance  in 
creases  after  the  addition  of  G.MI  alcelles  at  various  ionopho 
re/ganglioside  ratios,  we  have  extinated  that  this  fact  cay^ 
be  ascribed  to  graaicidin  molecules  which  incorporate  into 
the  bllayer  together  with  gangliosidos.  In  presence  of  nice^ 
les  the  mean  lifetitae  and  the  amplitude  of  the  granicidin  sin 
gle-channel  do  not  present  relevant  modifications  when  diole- 
oylphosphatldvlcholine  or  phosphatidylserine  were  used  to 
fora  the  bilayer,  calcium  proved  to  trigeer  the  interaction 
between  phosphatldylethanolaninc  oenbranes  and  GMI  nicclles 
containing  graaieidin.  In  thl<  case  the  ionic  poio  presents 
a  longer  lifetime  and  a  lower  amplitude  with  respect  to  pure 
gramicidin.  We  suggest  that  different  properties  developped 
by  graalcldiA  oay  depend  on  structural  organization  of  gan- 
gllosldes  when  incorporated  into  the  phospholipid  Decbrarcs. 


041 

VOLTAGE-SENSITIVE  IONIC  MECHANISMS  IN  THE  SOMAL  AND 
DENDRITIC  MEMBRANES  OF  CULTURED  CEREBELLAR  PURKINJE 
NEURONS.  D.L.  Gruul,  Division  of  Preclinicsl  Neuroscience 
and  Ebxiocrinology,  Scripps  Clinic  ard  Research  ^bundatlon. 
La  Jolla,  CA  92037  USA. 

Vertebrate  cerebellar  lUrltinjo  neurons  (PNs)  display 
coenplcx  patterns  of  activity  thought  to  arise  from 
voltage-sensitive  ionic  mechanisms  regionally  segregatod  in 
the  sonal  vs,  dendritic  membrane.  In  intracellular 
recordings  froa  the  somal  or  dendritic  region,  Na»,  or 
channel  blockers  significantly  altered  the 
characteristic  patterns  of  s(Mntaneous  or  current  evoked 
activity,  suggesting  the  presence  of  a  variety  of  ionic 
mechanisms.  Single  channel  recordings  were  used  to 
Identify  the  ionic  mechanisms  and  their  distribution  across 
the  neuronal  surface.  In  the  sexaal  region  ur.itary  currents 
mediated  by  several  types  of  Icn  channels  wore  observed, 
including  at  least  3  typos  of  voltage-sensitive  M 
channels,  identified  by  their  single  channel  conductance 
MOO,  40,  20  pS),  voltage  sensitivity  and  sensitivity  to 
TEA.  Voltage-sensitive  channels,  including  a  Ca*4 
activated  K*  channel,  were  also  cosorved  in  single  channel 
recordings  from  the  dendritic  region  of  PNs.  in  both 
regions,  K4  channel  activity  was  associated  with  the 
falling  phase  of  action  potentials.  These  data  suggest 
that  and  K*  mediated  electrical  events  occur  in  both 
the  somal  and  dendritic  region  of  Ws  and  that  channels 
fanction  in  the  lepolarizlng  phase  of  the  action  potential, 
which  appear  to  be  generated  in  both  regions.  (Supported 
by  NIAAA  06420) 


038 

A  Na  CONDUCTING  CHANNEL  OBSERVED  IN  THE  ABSENCE  OF  EXTERNAL 
Ca,  R.  Levt  and  L.  J.  DzFelice,  Eoory  University  School  of 
MedicTne,  Departaenc  of  Anatoay,  Atlanta,  Georgia  USA 

We  studied  inward  current#,,  during  spontaneous  action 
potentials,  in  cell  -  attached  patches  on  ventricular  cells 
froa  7-day  chick  cabryo.  The  preparation  was  bat  ed  in  (oH) 

3.5  K/lOO  Na/l.S  Ca  (HEPES  pH  7.3,  roo»  teoperature).  The 
patch  pipette  contained  133  or  200aH  Na  and  either  SaM  EGTA 
or  3aM  EDTA, giving  free  Ca  concentrations  less  than  lOE-8  H. 
We  observed  large,  voltage-activated,  inward  patch  currents. 
This  channel  was  not  blocked  by  TTX  (lOC-5  g/1)  and  was 
distinguishable  froa  fast  Na  channels  ii^en  present.  The  con¬ 
ductance  of  this  channel lOeasured  by  plotting  action  current 
against  action  potential,  is  approxiaately  90  pS  (200aH  Na) 
and  the  reveraal  potential  is  in  good  agreeaent  with  a  Na 
channel.  We  never  observed  this  channel  in  the  absence  of  Ca 
chelating  agents.  We  speculate  that  this  channel  tsay  be  a 
modification,  due  to  the  low  Ca 
condition  or  the  presence  of 
chelating  agents, of  the  Ca  channel 
responaible  for  part  of  the  siow- 
inward  current  (Kostyuk  &  Krishtal 
J.  Phyaiol.  270:  569,  1977). 

Fig.:  2009M  Na,  3aH  EDTA;  Scales: 

2.5  pA  or  25  aV;  300  asec  (top), 

25  aaec  (bottom).  Inward  current 
is  up.  Supported  by  P01-HL27385 


040 

HYPERPOURIZATICN  INDUCED  HEHSRANE  CURRENT  IN  RECEPTOR 
NEURONES 

A.  Ednan.  $,  Cestrelius  and  W.  Graropp,  Departrnent  of  Pnysio- 
logy  and  Biophysics,  University  of  Lund,  Lund,  Sweden. 

In  lobster  stretch  receptor  neurones  a  slow  inward  mem¬ 
brane  current  Is  activated  by  ff^mbrane  hyperpolarizatibn  be¬ 
yond  resting  voltage  levels.  The  current,  which  under  normal 
circwn^tances  Is  mainly  carried  by  Na*,  i$effect»»5ly  blocked 
by  Cs'  in  1-2  nM  concentration.  The  currentartivation,  which 
is  more  pronounced  in  slowly  than  in  rapidl  adapting  recep¬ 
tors,  is  characterized  by  a  sigmoidal  volta^,*  dependence  of 
its  stationary  value  and  a  bell-shaped  voltage  dependence  of 
its  relaxation  time  in  a  voltage  range  f«'om  about -CO  to  about 
-100  mV.  The  kinetic  data  are  consistent  with  the  current 
passing  through  membrane  channels  whose  perreability  and  ga¬ 
ting  properties  can  be  shown  to  be  dependent  on  e.g.  tempera¬ 
ture  and  Ionic  composition  of  theextracellular  solution.  The 
functional  significance  of  the  current  is  still  not  quite 
obvious.  Because  of  its  kinetic  properties  U  can  not  affect 
maintained  impulse  firing.  It  does,  however,  shorten  post- 
tetanic  hyperpolarization  and  may,  in  this  way,  contribute 
to  a  fast  restoration  of  the  cell's  excitability  to  resting 
values. 


042 

A  SMALL  CONDUCTANCE  K*-DEPENDENT  CHANNEL  IN 
CULTURED  HUMAN  MONOCYTES.  C.lncejl  ) ,  B.Van  Dunn(2) 
D.L.Ypcy(2)  &  F.C.J.  Lci)h  (1),  Dept,  of  Infectious 
Discuscs(l)  and  Dept,  of  Physiology (2),  University  of 
U'lden,  !x>idon,  TTio  Netherlands, 

Recently  we  reported  tho  presccnce  of  single  channel 
activity  in  cultured  liunwtn  mctxx^tes.  Thc^  channels  1 )  are 
largo  c^uctancc  (i30pS)  K*  cha^ls,  2)  activate  at  patch 
potentials  more  positive  than  ♦3CkaV,  3)  are  responsible  for 
tho  hyporpolirizlng  respense  noasur^  in  mortcnucloar 
pJiagocytes  and  4)  are  probably  K*(Ca2*  )  channels.  A  secend 
group  of  K*  dependent  diannels  was  also  fc  uid.  Current 
volt^  characteristics  were  ireasured  in  tho  cell  attached 
patch  mode  with  different  pitch  electrode  fillings.  TTio  peak 
of  tho  ixtpalcment  transient  upon  micrcelcctrode  entry  was 
uM3d  to  correct  for  tncrbi-ano  potential.  M'olo  coll  current 
clarp  mcauurcni^its  in  ccnbioilicn  with  microoloctrodc 
in^alcmcnts  showed  the  peak  potential  to  bo  an  accurate 
(S0%)  estirato  of  Ue  moBta^ane  potential  of  such  high 
resistance  cells  (2Gc^).  Analysis  of  anplitudo  histograms 
and  activaticn  kinetiv'*s  of  these  charviols  showed  that  1 ) 
they  are  K*  dependent,  have  a  moan  conductance  of  32pS, 

3)  activate  at  pitch  potd  rials  less  negative  than  •40!n^,  4) 
show  bursting  khictics  (rhc>.*t  and  long  bursts),  5)  are  not 
the  K*(Ca)  channels  assoclatid  with  the  hypcrpolarizlng 
re^xnsc,  and  6)  shew  outwazd  rectifying  properties.  It  is 
sungestod  that  these  channels  are  the  same  delayed  outward 
rectifier  K*  chamois  recently  reported  for  cultured  mouse 
perltcrtcal  rmcrephagos  and  hunun  T-lyttphocytcs. 
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043 

HOW  HANK  K'^-CHANHEL  POPULATIONS  DO  EXIST  IN  THE 
FROG  NODAL  HEHBGANE? 

J.  Van  d»n  Berg  and  G,  De  Bruin*  Departeent  of 
Physiology*  State  University  of  Leiden*  The 
Netherlands. 

Recently  for  the  frog  node  of  Ranvter  the 
existence  of  two  populations  of  Kodgkin-Huxley 
(H.K.)  K*-channels  has  been  proposed.  The  results 
of  voltage  junp  experiaents  and  fluctuation 
neasureaents  -with  corrections  for  the  effects  of 
K  -accuaulation-i  however.  contradict  this 
hypothesis. 

^  Activation  and  deactivation  of  the 
K  -conductance  could  be  well  fitted  according  to  2 
populations  of  K^-channels  with  H.H. -kinetics. 
However,  the  tiae  constants  obtained  froa 
deactivation  differed  considerably  free  the  tiae 
constants  obtained  froa  the  activation  kinetics. 
This  is  inconsistent  with  the  hypothesis. 

The  spectral  density  of  the  K*-current 
fluctuations  aeasured  during  500  as  depolarizing 
pulses  contain  S  Lorentalans.  Their  cutoff 
frequencies  did  not  agree  with  the  ones  predicted 
by  stochastic  interpretations  of  the  two 
postulated  types  of  H.H.-K'^-channels. 

Instead  of  different  populations  of 
H.H.-K  -channels  we  propose  the  existence  of  a 
single  population  with  coaplex  kinetic  properties. 


045  ORAL  PRESENTATION 

PRESSURE  DEPENDENCE  OF  SODIUM  GATING  CURRENTS  IN 
SQUID  AXONS.  F.  Conti*  I.  Inouc,  F.  Kuktta  and 
W.  stUhner*  1st.  Clbcrnctica  a  Bloflslca*  C.N.R. 
Corso  Mazzlnl*  16032  Canogli*  Italy. 

Gating  currents, Ig*  wore  measured  In  squid  axons 
at  hyperbaric  pressures,  P,  up  to  60  MPa.  Ig  became 
gradually  slower  and  decreased  in  amplitude  with 
increasing  P.  By  appropriate  time  and  amplitude 
scaling,  Ig  records  at  P  could  be  made  to  superim** 
pose  with  those  at  normal  pressure.  The  scaling 
factors  were  roughly  independent  o£  membrane  poten¬ 
tial.  The  time  factor  increased  exponentially  with 
pressure  as  if  all  the  Na  channel  opening  steps 
which  produce  detectable  charge  movements  h<id  the 
sane  activation  volume,  4v-*l7  cnVmolc.  This  value 
is  roughly  one  half  of  that  describing  the  pressure 
effect  on  sodium  current  activation,  suggesting 
that  some  late  opening  step  has  a  large  activation 
volume  without  producing  significant  I  contribu¬ 
tions.  A  reversible  decrease  with  pressure  of  the 
total  gating  charge  associated  with  any  step  depo¬ 
larization  was  also  observed.  The  decrease  was 
about  30%  at  60  MPa,  and  it  reminded  the  phenomenon 
iescrlbed  by  Matteson  and  Armstrong,  of  Na  channels 
becoming  sleepy  at  low  temperatures. 


047 

INACTIVATION  OF  SINGLE  CALCIUM  CHANNELS  IN  CARDIAC 
HVOCYTES.  A.  Cavall6.  D.  Polzor  and  W.  Trautwein 
Dept.  Physiol.  2,  Univ,  Saarland,  Honburg,  F.R.G. 

Currents  through  single  calcium  channels  in  the 
membrane  of  isolated  guinea  pig  ventricular  colls 
were  recorded  by  tho  patch-clamp  technique  In  the 
cell-attached  configuration  using  barium  (90  rMl  as 
charge  carrier  (Cavali6  ct  al.,  PflUqors  Arch,  398: 
284,  1963).  Calcium  channel  activity  occurred  as 
brief  unitary  current  pulses  grouped  into  bursts. 
This  gating  behaviour  related  to  calcium  channel 
activation  could  be  explained  by  a  sequential 
el  In  which  two  shut  states  precede  the  open  state 
of  the  channel.  However,  long  observation  periods 
indicated  that  bursts  were  further  grouped  Into 
clusters  separated  by  long  shut  intervals,  which 
can  bo  attributed  to  the  existence  of  an  Inacti¬ 
vated  state.  The  mean  cluster  llfctlno  correlated 
well  with  the  rate  for  the  declining  phase  of  the 
ensemble  scan  current,  since  clusters  appeared 
usually  once  pc**  depolarization  and  entrance  into 
the  inactivated  state  was  rarely  followed  by  reo¬ 
penings.  Some  test  pulses  of  each  ensemble  did  not 
elicit  channel  activity  at  all  ('blanks*).  The  num¬ 
ber  of  'blanks*  per  ensemble  Increased  by  depolar¬ 
izing  the  potential  preceding  clamp  pulses  to  a 
constant  potential.  Vice  versa,  the  probability  of 
the  calcium  channel  being  available  to  open  de¬ 
creased  in  a  sigmoidal  manner  with  the  condltionin9 
depolarization  providing  a  possible  measure  for  the 
steady-state  occupancy  of  the  InacUvatcd  state. 


044 

DETERMINATION  OF  THE  SURFACE  CHARGE  OF  IHB  ANOMALOUS 
RECtIPIBR  CHANNEL  (Iri)  OF  AVIAN  CARDIAC  CELLS  USING  SINGLE 
OlANNEL  CONDUCTANCE  MEASUREMENTS.  H.J.  Kell  and  L.J. 
DcFellce,  Anatoey  Departaenc,  Eaory  University,  Atlanta, 
GA,  USA. 

Using  single  channel  techniques,  ve  have  deteralned  the 
electrical  environtaene  surrounding  the  anoaalous  rectifier 
channel  in  eabryonie,  avian  cardiac  cells.  The  surface 
potential  calculated  froa  single-channel  conductance 
aeasureaents  is  about  -40  aV  (In  100  bM  K*/33  til  Na*").  T^e 
surface  charge  density  is  estiaated  to  be  about  -le/na  • 
This  value  Is  equivalent  to  the  surface  charge  r^ar  other 
1^  channels  studied  with  oaeroscoplc  methods.  Surface 
d^rge  is  calculated  using  a  taodel  based  on  discrete 
dtarges  In  well-separated  channel  proteins  of  specified 
size.  This  Bodel  fits  existing  data  for  Ka  and  K  channels 
in  nerve  Dcabranes  better  than  the  Gouy-Chapmn-Stern 
Bodel.  The  discrete  ^del  collapses  to  the  Infinite, 
tniformly  charged  sheet  for  a  large  nuaber  of  charged  sites 
and  large  aeebrane  area.  The  anoaalous  rectifier  is 
eoaposed  of  at  least  five,  distinct  conductance  substates 
which  are  not  generally  Interconverting.  The  open  state 
probability  of  these  substates  is  about  90Z  and  is 
voltage-independent,  independent  of  external  K**,  and  docs 
not  block  with  10  ttM  Ba'*^  in  the  pipette. 


046 

A  POSSIBLE  BASIS  FOR  ION  SELECTIVITY  IN  Ca  CHANNELS. 

Alcera.  E.W.  McCleskcy  i  P.T.  Palade.  Dept.  Physiology  & 
Biophysics,  U.  of  Washington,  Seattle,  WA  98195,  U.S.A. 

Experiments  on  frog  skeletal  cusclc  fibres  voltage- 
clasped  with  the  vaselinc-gap  technique  show  that,  as  in 
other  tissues,  Ca  channels  with  external  Ca  arc  selectivelv 
penaeable  to  Ca"^  and  not  to  Na”*"  or  But  when  external 
Ca”^  Is  retsoved,  Ca  channels  becctae  perroeaSle  to  Li+,  Na'*’, 
K*",  Rb"*"  and  Cs"*".  Ba'*'*’  and  Mg"*^  arc  also  much  more  perneant 
when  ca  is  absent.  Exclusion  of  monovalent  cations  is  re¬ 
stored  by  external  Ca  binding  to  a  single  class  of  sites 
with  »  0.7  uM.  Other  divalent  cations  act  si&llarl'^,  but 
require  higher  concentrations.  Evidently  Ca  channels  are 
innately  unselectlve  and  obtain  their  ability  to  reject 
cations  other  than  Ca  only  by  binding  Ca  at  high  affinity. 
Our  data  can  bo  explained  quantitatively  if  the  Ca  channel 
Is  an  aqueous  "slnglc-flle*‘  pore  containing  two  binding 
sites,  to  which  a  permeating  ion  must  bind  in  succession. 
Ions  in  the  pore  cannot  pass  one  another,  but  may  dislodge 
each  other  by  electrostatic  repulsion.  The  empty  pore  is 
permeable  to  many  cations.  In  ion  mixtures,  the  pore  will 
be  occupied  by  the  Ion  with  the  highest  affinity,  namely 
Ca^.  In  a  Ca  occupied  pore,  only  another  high-affinity 
Ion  such  as  Ca"***^  will  occupy  the  site  sufficiently  long  to 
dislodge  the  resident  Ion.  thereby  generating  Ca  flux. 
Hence,  the  Ion  selectivity  of  Ca  channels  stems  from  the 
specific  and  high  affinity  of  the  site  to  Ca.  With  dlffu- 
sion-llelted  access  of  Ca^  to  the  pore,  the  model  predicts 
single  Ca  channel  currents  as  observed  Ir.  ocher  tissues. 
Supported  bv  USPHS  grant  AM-17803. 


048 

aUOKESCF.NCE  QUENCHING  STUDIES  OF  FAST  ION  PERMEATION 
THROUGH  CHANNELS  IN  SARCOPLASMIC  RimCULUH  VESICLES 
H.  Kasai,  K.  Nunogakl,  M.  Tanlfuji,  and  H.  Sokabc,  Dept. 
Hophys.  Engineer,,  Fac.  J.nginecr,  Sci.,  Osaka  Univ., 
Toyonoka,  Osaka,  Japan  and  Dept.  Dchaviology,  Fac.  liuoan 
Sci.,  Osaka  Univ,,  Suita,  Osaka*  Japan. 

Channel  properties  of  sarcoplasmic  reticulum  (SR) 
faeebrone  were  studied  mainly  by  two  ecthods:  the  electrical 
method  and  the  fluorescence  quenching  method.  Single  channel 
conductances  of  SR  membrane  incorporated  into  planar 
phospholipid  bilaycr  acobrano  were  determined.  In  0.1  H 
solutions*  they  were  160  p$»  80  pS,  180  pS,  and  180  pS  for 
K^*  Tl^,  Cl~,  and  1',  respectively.  Fast  influx  of  ions 
through  tho  vesicle  membrane  was  studied  by  tho  fluorescence 
quenching  tochnique.  Pyrenotetrasulfonato  (PTS)  were 
incorporated  insiJe  the  vesicles.  Alter  the  mixing  with  the 
solution  containing  TIN^,  the  quenching  process  of  PTS 
fluorescence  caused  by  influx  was  followed  by  the 
stopped  flow  method.  The  quenching  curves  were  analysed 
graphically  by  using  a  mlcrocoaputer.  Four  components  with 
different  time  constants  were  obtained.  An  example  of  the 
distribution  of  tho  permeation  times  is  as  follows:  4.6  msec 
31  X*  62  msec  21  Z,  2.6  sec  33  X,  and  slower  component. 
Similarly*  influx  of  1~  was  determined  by  using  Kl  instead 
of  TINOj.  Tl**  and  P  were  considered  to  permeate  through  the 
cation  and  onion  channels*  respectively.  If  ve  assume  that 
each  vesicle  has  one  channel  obtained  electrically*  the 
permeation  times  are  expected  ta  bo  2.4  msec  for  Tl^  and  1.1 
msec  for  P.  Theae  values  are  consistent  with  the  fastest 
components  obtained  by  the  fluorescence  quenching  method. 
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049 

A  tOSSIBLE  MECHANISM  OP  SODIUM  ACTIVATION  GATING 
IN  SQUID  GIANT  AXONS 

Gon  MatsuRoto,  Electrotechnical  Laboratory, 

Tsukxiba  Science  City,  Ibaraki  305,  Japan. 

Wo  found  that  both  tine  and  voltage  dependence 
of  the  rise  of  the  sediun  conductance  in  squid 
giant  axons  were  well  approximated  in  terms  of  the 
triple  power  of  the  running  integrals  of  the 
colchicine-sensitive  component  of  the  asymfr.etry 
current.  In  spite  of  this, the  colchicine-sensitive 
component  had  a  definite  rising  phase  and  did  not 
follow  first-order  kinetics  as  Hodgkin  and  Huxley 
(1952)  predicted.  In  order  to  overcome  this 
apparent  inconsistency  we  calculated  the  probabil¬ 
ity  of  sodium  channels  being  open  in  the  following 
two  cases  :  One  is  the  case  that  the  gate  has  only 
two  states  but  that  transition  velocities  between 
open  and  closed  states  of  the  gate  depend  on  not 
only  membrane  potential  but  also  time  after  a 
potential  step  is  applied.  The  other  is  the  one 
that  the  gate  has  a  number  of  states  continuously 
and  that  the  membrane  model  proposed  by  Matsumoto 
(J.theor.Biol.,1984)  is  rigidly  applied.  We  found 
both  of  them  could  explain  the  experiments  quite 
well.  Further,  we  found  the  modifications  on  the 
Hodgkin-Huxley  model  of  the  sodium  activation  gate 
introduced  in  the  former  case  were  consistent  with 
the  membrane  model  by  Matsumoto ( 1984 ) . 


051 

EFFECTS  OF  CATECHOIAMINES  CN  Ca  COKDUCTWi:E  IN  CULTURED 
DORSAL  ROOT  W-D  SYMPATHETIC  l^UftONS  OF  CHICK 
C.  Marchetti,  E,  Carbcnc  and  H.D.  Lux,  Max  Planck  Instttut 
fOr  Paychlatrie.  Planogg  xartinsried  b.  Wnchen  F.R.G. 

The  <?£fccts  of  dopaBine  and  norepinephrine  on  whole  cell 
and  unitary  Ca  currents  of  chick  sensory  and  syepathetic 
neurons  wre  invfstioatod  using  the  patch-clAcp  tcchniguo. 
Cells  were  bathed  in  a  solution  containing  (toM).  120  Na,5  Ca, 
2  «g  and  3  km  TTX.  Tne  internal  tsediua  contained  (bH):13o  Cs, 
20  TEA  and  5  Ca-ECTA  buffer  (free  Caj*  S*  10*^11) .  In  both  pre¬ 
parations,  Cs  inward  currents  reached  saxisal  asplitudo  bet- 
w*>en  -5  and  +5  nv  oosbrane  potential.  Ac  *10  eV,  the  peak 
was  attained  within  10  zas  and  then  the  current  slowly  inacti¬ 
vated.  Catecholaalnes,  externally  applied  by  pressure  ejec¬ 
tion  at  a  ccncentrtitlcn  of  10  to  100  J*M,  affected  costly  the 
rising  phase  of  this  current  and  depressed  the  later  phase  to 
a  einor  extent.  In  the  presence  oi  the  drugs,  the  Ca  current 
reached  a  peak  at  altaost  loo  cs  and  showed  no  sign  of  inacti¬ 
vation.  The  action  of  the  drugs  was  fast  and  fully  reversible 
within  seconds. 

Single  channel  recordings  v-ero  performed  in  outside-out 
patches  under  similar  conditions  and  also  in  a  Na-fxee  bath 
solution.  Inactivation  kinetics  were  deteralned  by  sairple  a- 
vc raging.  TVo  types  of  Ca  channels  were  identified:  one  of 
scalier  amplitude  (4.5  pS)  and  slow  inactivation  and  another 
of  larger  amplitude  (9.5  pS)  and  inactivation.  The  fre- 
guency  of  op<-nirg  of  th<*  fast  inactivating  channel  was  stron- 
gly  reduced  by  dopamine.  Ke  suggest  that  catecholamines  pre- 
.rent  specifically  the  voltage  dependent  activation  of  this 
shanrel. 


053 

CAPTURE  or  HAST  CELL  DECRAWLATION  mNTS  BY  Ttit  PATCH  CLAMP 
TLCHNIQUE.  J.M.  FERNANDEZ  and  t.  NEHEH,  Department  of  Membrane 
Btophysics,  Max-Planck-Xnstttut  fOr  blophysikaltsche  Cheale, 
i>-j4c)o  Cdttingen,  Nest  Germany, 

The  memLranv'  capacitance  of  Rat  Peritoneal  Mast  Cells  was 
continually  taonitored  using  the  patch  clamp  technlqu«r  ir.  whole 
cell  recording  mode.  When  cells  were  dialyzed  with  solutions 
containing  high  free  Ca**concentration3  (>  .5  pH) ,  cells  de- 
granulated,  (observed  under  Nonaarsky  optics).  Conceal tant 
with  thet^e  morphological  changes  we  measured  large  increases 
in  the  cell  membrane  capacitance  from  about  4-$pFin  the  nor¬ 
mal  cell  and  up  to  35  pF  In  dcgranulated  c«'llai  ve  Interpret 
this  as  a  large  increase  of  the  cell  taembrane  area.  This  capa¬ 
citance  increase  proceeded  in  a  stepwise  fashion.  The  dlstrl- 
bation  of  capacitance  step  sires  is  well  predicted  by  the  ob¬ 
served  distribution  of  secretory  granule  diameter  described 
by  Helar.der  and  Blocs  (1974,  d.  Mlcrosc,  100:315} .  Thus  the 
capacitance  steps  probably  correspond  to  the  fusion  of  single 
secretory  granules  with  the  plasma  membrane  (exocytosls) . 

Frequently,  step  decreases  of  capacitance  were  also  ctsor- 
ved.  Their  sl20  distribution  was  similar  to  that  observed  for 
step  increases,  probably  corresponding  to  the  process  of  en- 
docytosls. 

For  both,  step  increase  and  decrease  of  capacitance,  some 
very  large  steps  were  observed,  that  cannot  be  explained  as 
the  fuslo.^  or  retrieval  of  a  single  secretory*  vesicle  but  pro¬ 
bably  correspond  to  *8eguential  exocytosls",  the  fusion  of  se¬ 
veral  granules  prior  to  their  fusion  to  the  plasma  membrane. 

Partially  supported  by  an  Alexander  von  Ihasboldt-fellov- 
shln  to  J.M.F. 


050 

PROPERTIES  OF  BATRACHOTOXIN-MODIFIED  SODIUM  CHANNELS  IN 
VARIANT  NEUROBLASTOMA  CELLS. 

L-Y.M.  Huang,  Marine  Biomedical  Institute,  The  University  of 
Texas  Medical  Branch,  Galveston,  Texas,  U.S.A. 

The  gating  properties  of  batraehotoxin-modified  sodium 
channels  was  studied  in  cultured  neuroblastoma  C9  cells, 
using  patch  clamp  and  whole  cell  recording  techniques. 

Sodita  channels  in  this  cell  line  could  not  be  activated  by 
depolarization.  After  the  addition  of  batraehotoxln,  the 
sodium  channels  could  be  activated  when  the  mcabranc  poten¬ 
tial  was  stepped  from  a  holding  potential  to  a  level  more 
positive  than  -80mV.  The  concentration  of  batraehotoxln 
required  to  activate  these  sodium  channels  in  C9  cells  was 
about  l.S-2  fold  higher  than  those  found  in  the  neuroblas¬ 
toma  NG108-1S  cell.  The  batraehotoxln-aetlvatcd  sodium  cur¬ 
rent  of  C9  cells  did  not  inactivate. 

The  single  sodium  channel  conductance  was  about  12pS. 

The  histogram  of  open  state  dwell  time  could  be  fit  by 
single  exponential.  The  mean  open  time  increases  with  de¬ 
polarization.  The  properties  of  batraehotoxin-aetlvated 
sodium  channel  in  C9  were  similar  to  those  in  neuroblastoma 
KC108-15  cells.  (Supported  by  NIH  NS19352-02) 


052 

ANALYSIS  OF  REFRACTORY  PROCESS  IN  EXCITABLE 
MEMBRANE  USING  HODGKIN-HUXLEY  NERVE  EQU.MION 
S.  HtqashinG,  Department  of  Communication 
Engineering,  Faculty  of  Engineering,  Tokai 
University,  Hiratsuka,  Kanagawa-ken,  Japan. 

Hodgkin-Huxley  nerve  equation  consists  of 
four  ordinary  differential  equations.  Using 
electronic  computer,  voltage-current  (V-I) 
characteristics  of  the  membrane,  the  relation 
between  time  and  V,m,n,h  (T-V,m,n,h),  and  tho 
relation  between  V  and  m,n,h  (V-n,n,h)  were 
investigated.  In  tho  charactoristics  of  V-I,V-n, 
V-n  and  V-h,  a  state  switching  over  to  rclativo 
refractory  period  from  absolute  refractory  period 
was  clarified.  In  other  words,  on  curves  of  tho 
above  mentioned  charactoristics,  a  state  shifting 
from  tho  subthroshold  response  in  the  absolute 
refractory  period  to  the  action  potential  in  tho 
relative  refractory  period  was  made  clear  by 
changing  gradually  the  time  duration  between  the 
first  and  second  pulsos  of  tho  stimulating 
current.  Especially,  tho  change  of  curves  in  tho 
before  and  after  the  threshold  is  very 
Interesting.  This  shows  tho  process  that  tho 
operating  point  shifts  from  the  stable  point  to 
the  unstable  point  in  the  V-I  charactoristics. 


054 

PARALLEL  SIXIWINo  OF  RA  ACTIVAtlOS  AND  INACTIVATIO!!  DEUY  BY 
ZW  L._.Coldnan»  C.A.  Ebert  and  R.  Chandler,  Dept,  of  Physiol., 
School  of  Med.,  lYilv.  of  Maryland,  Baltimore,  MD.  21201. 

Inactivation  In  Myxlcola  Na  channels  develops  with  s  delay 
indicating  a  precursor  process  (Goldman  and  Kenyon,  J.  Cen. 
Physiol.  80;$3,  1982),  The  precursor  process  la  klnctlcally 
similar  t4>  Na  activation.  Tho  potential  dependency  of  its 
time  constant  ta  the  same  aa  Na  activation  and  when  resolv¬ 
able  the  delay  time  constant  la  Jjuat  tn-  We  report  that  ex¬ 
ternal  2n  slows  the  time  to  half  maximum  g«*(tu)  and  Inacti¬ 
vation  delay  In  a  parallel  way  (1,6-fold  ln*5  in  2n).  If  the 
change  In  were  due  entirely  to  surface  potential  effccta, 
t^  should  have  slowed  2-fold  while  only  lOZ  was  seen.  In  Zn, 
peak  follovtiig  brief  conditioning  always  Increased  over 
the  unconditioned  value.  Without  Zn,  brief  conditioning 
pulses  produced  no  change  or  u  slight  decrease.  Without  Zn 
delay  decays  as  a  simple  exponential.  In  Zn  delay  develops 
as  two  exponentials  plus  a  third  proceaa  complete  by  200  us 
uf  conditioning  at  -22  mV,  as  expected  if  three  sequential 
processes  precede  inactivation.  Na  activation  in  Myxtcola 
also  develops  as  three  processes,  one  very  rapid.  These 
effects  are  consistent  with  the  suggestion  (ClUy  and 
.Armstrong,  J.  On.  Physiol.  79:935,  1982)  chat  Zn  stabilizes 
resting  stats(s)  occupancies  and  weights  more  heavily  tran¬ 
sitions  preceding  channel  opening,  g^^  time  course  in  Zn  is 
zeeuratety  reconstructed  with  a  five  state  sequential  coupled 
model  uainj  the  time  constants  fitted  to  the  Inaeclvs^lor 
delay  time  course,  providing  clear  evidence  that  some  frac¬ 
tion  of  Ha  channels  conduct  before  they  can  inactivate. 
Supported  by  USPHS  Grant  NS-07734. 
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055 

RKCONSTRUCIING  THE  CARDIAC  ACTION  POTENTIAL  FROM  SINGLE- 
CHANNEL  CURRENTS.  jL.  DeFelice  and  R.  Uv:,  Anatotty  Dept. 
Etaory  University  ScTTooT  of  Medicine*  Atlanta,  Georgia  USA 

Ve  are  studying  voltage  -  activated  channels  in  cell* 
attached  patches  during  spontaneous  beating.  If  one  channel, 
e.g.,  the  fast  Na  channel,  is  in  the  patch,  the  enseoble 
average  taken  over  oany  beats  <i}]j(c)>  is  proportional  to 
the  sacroscopic  Na  current  during  the  action  potential.  The 
proportionality  constant  is  the  density  of  Na  channels 
(N);j).  For  two  Na  channels,  the  proportionality  constant 
is  <i(c)>  can  be  found  for  each  type  of  channel, 

and  these  are  related  to  the  whole  >  celt,  rsesbrane  action 
potential  V(t>  by  ^ 

M(i)-  f  ^ 

C  is  the  specific  eiembrane  capacitance.  N  values  can  be 
adjusted  to  fit  V(t).  To  tieasure  N,  i^iole  -  cell  data  are 
required.  The  tiee  course  of  <i(t}>  is  cudel-independent;  it 
contains  the  voltage*  and  time*  dependent  probability  of  the 
channel  states.  Since  <i(t)>  can  also  be  calculated  froa 
kinetic  nodels  based  on  stesdy  *  state  or  voltage  *  step 
relsxation  experiaents,  it  can  be  used  to  test  the  effect  of 
other  paraaeters,  such  as  changes  in  ion  concentration.  We 
have  oeasured  <i(t)>  for  the  fast  Na  channel  and  for  a 
plateau  K  channel  (Biophys.  J.  30da)  in  eabryonic  chick 
ventricle,  and  we  have  reconstructed  their  contribution  to 
the  eardiec  action  potential  .The  slowinward  current  and  the 
anoeslous  rectifier  are  under  study. Supported  by  P01Hb*27385 


057 

INTRACELLULAR  IN  CLONAL  ANTERIOR  PITUITARY  CELLS 
MEASURED  WITH  QUIN  2.  P.  Gsngola,  C.  C.  Schofield,  and 
H.  C»  Pant*  Laboratory  of  Precllnlcal  Studies.  National 
Institute  on  Alcohol  Abuse  i  Alcohollsa,  Rockville,  MD 
20852,  USA.  . 

Intracellular  calcluo  concentration  (Ca^  in  clonal 
AtT-20/l>-16  mouse  anterior  pituitary  tumor  cells  was 
measured  with  the  fluorescent  calcium  indicator  Quin  2* 
Cells  <2-4  X  10^  cells/ol)  were  loaded  with  Quin  2  by 
incubation  with  acetoxyaethyl  ester  derivative  (Quiu 
2/All),  which  was  subsequently  hydrolysed  end  trapped  in¬ 
side  the  cells.  The  fluorescence  signal  measured  froa 
these  cells  in  the  solution  containing  145  nM  NaCl,  5 
■KKCl,  O.SaM  KgCl2,  20:^  glucose,  KkH  HEPES  <pH  7.0) 
snd  varying  concentrations  of  calclua  chloride  (Ca^''|^ 
(O.Ql-l.OiH)  corresponded  to  an  Intracellular  calcium 
(Ca^^h  of  0.074-0. 173uH.  When  5DaN  NaCl  was  replaced 
by  5Cw  KCl  (high  K^)  in  the  above  cell  suspension  the 
fluorescence  signal  corresponded  to  an  intracellular 
calcliM  of  0.074-0.400uH.  There  was  a  large  increase 
(0.240uM)  In  ica^*'|j  In  these  cells  in  high  con¬ 
taining  l.OaM  CaCK  solution;  however,  the  iCa^^l^ 
increase  was  not  significant  In  lower  (O.OleH)  external 
calcium  concentration  ICa^^l^.  The  level  of 
also  increased  when  cells  were  depolarized  by  addition 
of  veratradine  (ICKiH);  thla  effect  was  co^letely  re¬ 
versed  by  the  addition  of  tetrodotoxln  (l.OuH).  These 
results  suggest  that  the  calcium  regulation  in  AtT-20/ 
IHt6  cells  can  be  studied  with  (^lin  2. 


059 

SODIUM  CHANNELS  IN  NERVE  KEM3RANE  VESICLES  AND  IN 
RECONSTITUTED  PROTEOLIPOSOXES 

Ana  M.  Correa,  Gloria  M.  Villegas  and  R.  Villegas*.  Institute 
Intemaclonal  de  Estudlos  Avanzados  (IDtlAI,  Apartado  17606. 
Cara^^s  lOlbA,  Venezuela. 

^Na  Influx  into  lobster  nerve  plasma  membrane  vesicles 
was  measured  in  the  presence  of  veratrldlne  (VER),  anemone 
toxin  II  (ATX),  VER  plus  ATX,  and  Of  tetrodotoxln  (TTX).  TT.e 
effect  of  the  toxins  was  studied  with  the  vesicles  prepared 
in  0.3  M  KPl,  1  »M  NaPl,  2  mX  KgSO..  pH  7.4,  and  diluted  ZO- 
fold  In  0.3-M  choline  PI,  1  mX  NaPi,  2  vM  MgSO  .  pH  7.4. 
containing  ‘^^Na  and  the  toxins.  VER  and  ATX  stlnulated  the 
lnflu.<c  with  K.  ^'s  of  CO  wK  and  O.l  wM  respectively.  The 
addition  of  ‘jO’hM  ATX  diminished  the  ,  for  VER  to  2  uK. 
TTX  blocked  the  Influx  stimulated  by  VKR,  ATX,  and  VER  plus 
ATX  with  K.'a  of  27,  13  and  26  nM  respectively.  The  outward¬ 
ly  oriented  K*  gradient  was  required  to  observe  the  effect 
of  VER  and  ATX.  The  efftet  of  VER  and  ATX  were  diminished  by 
increasing  the  external  K*;  &0tK  decrease  of  the  ATX  effect 
was  obtained  with  bt  »M  K*.  Proteoliposoees  prepared  witli 
nerve  membrane  treated  with  O.bX  Na  cholate  plus  30  nM 
octylgluccslde  and  reconstituted  into  soybean  liposomes  by 
frc^ze-thaw-sonlcatlon  responded  to  VER  (K.  ^=80  pM)  and 
to  TTX  (K^  a  13  nM).  ATX  only  stimulated  tni'^influx  into  the 
proteoUpososes  at  high  concentrations  (>1  wK)  and  in  the 
presence  of  VER.  Trie  gradient  was  required.  .No  effect  was 
observed  with  up  to  10  wH  ATX  In  absence  of  VER.  TTX  blocked 
the  effect  of  VER  plus  ATX  (K^  ^  14  nM).  Rec<mstltution  with 
fractions  of  membrane  particles  obtained  by  detergent  are 
i«ii,g  earned  out.  leave  of  absence  fro*  IVIC. 


056 

POTENTIALS  AND  REACTION  RATES 
J.  Boork  and  H.  Mennerstroa,  Department  of  Biochemistry, 
Arrhenius  Laboratory,  University  of  Stockhclo,  S-I06  91 
Stockholm,  Sweden 

The  kinetic  coefficients,  whether  in  a  conventional  mole¬ 
cular  sch^  or  in  a  general  non-equilibrium  thermodynamic 
formulation,  in  general  carry  a  potential  dependence. 
Obviously,  the  kinetic  coefficient  car.  be  considered 
constant  over  a  sufficiently  narrow  range  of  potentials, 
but  in  many  applications  it  appears  that  this  range  is  too 
narrow  for  the  approximation  to  be  useful.  This  potential 
dependence  has  largely  been  neglected  in  quantitative  models 
of  free  energy  translocating  systems.  Based  on  conventional 
molecular  kinetics  we  analyze  the  particular  kinetic  fea¬ 
tures  of  a  chemical  transfonsation  involving  transport  of 
ions  across  a  membrane.  We  show  that  membrane  potentials 
change  the  kinetic  coefficients  in  a  way  that  is  dependent 
on  the  structural  organization  of  the  enzytie  system.  There 
is  consequently  a  relation  between  control  behavior  and  the 
spatial  enzyme  organization  in  the  membrane.  We  also  find 
that  under  certain  conditions  the  rate  is  independently 
dependent  on  the  electrical  and  dpH  components  of  the  proton 
motive  force. 


058 

MODULATION  vf  GRAMICIDIN  A  CMAWEL  LIFETIME  BY  VOLTAGE  AND 
BLOCKING  OCPENOENI  ION  OCCUPANCY. 

A.  Ring  ond  J.  Sandbloo,  Dept.  Physiology  and  Med.  Biophysics 
University  of  l^psaia,  Sweden. 

The  grAmicidin  A  channel  lifetime  has  fscaourud  for  gio' 
hexodecane  synthetic  bxloyer  membranes  and  various  electro¬ 
lyte  concentrations  of  Li.K.Cs  and  MCI.  "^he  effect  of  block¬ 
ing  agents,  osmotic  pressure  ond  voltage  dependence  of  assy- 
oetric  solutions  has  been  investigated  and  the  results  evalu¬ 
ated  using  simple  borncr-site  models  of  ionic  conduction. 

Iho  relation  of  channel  lifetime  to  membrane  properties 
(surface  tension)  was  examined.  The  surface  tension  was 
measured  using  laser  reflections  from  the  preassure  induced 
curvature  of  the  bxlayer  membrane.  The  lifetime  is  correlotec 
to  tt»  cation  occupancy  of  the  channel  and  the  results 
suggeslthat  increasing  occupancy  increases  the  channel 
stability  (lifetime).  The  lifetime  increases  with  increasing 
i<w»  activity  reaching  o  maximum  at  about  IH,  In  contrast  the 
surface  tension  remains  essentially  consloo*^  op  to  about  1M 
then  decreasing  for  higiier  concentrations.  Osmotic  preassure 
increases  tl>e  channel  stability  at  low  ionic  strengths  and 
divalent  blocking  agents  reduce  the  li'etirae  at  low  ond  high 
ionic  strengths.  Also,  m  assymetric  solutions,  e.g.  MCl-KCl, 
the  channel  lifetime  is  strongly  voltage  dependent  apj^roach- 
ing  the  lifetime  corresponding  to  the  specific  ion  (M*^  or 
K*)  being  driven  into  the  channel  for  ♦/-  voltages  a,>pUed 
across  the  .^.embrane. 


060 

CAROIOIOXIN-INOUCfD  fllASNtlG  IN  LIPID  BILAYCR  MEMBRANES. 

C.  Oiar  and  ).  Sandblom,  Dept,  of  Physiology  arvd  Medical 
Hi^hysics,  Univ.  of  Ut>psala,  Uppsala,  Sweden. 

Ihe  efiect  oi  fardiotoxln  (CIX)  and  Phosptiolipase  (f’lA' 
from  the  T»vail  ‘nd  Cobra  (Naja  naja  slamcnsis)  venom  was 
studied  in  plsnar  lipid  bilaycrs.  When  eitt»er  CIX,  friction 
II  or  IV,  an-J/or  PIA  Ai:  AI  are  added  to  ttw  solution  on 
one  or  both  side,  of  a  lipid  bllayer  membrane  the  conduc¬ 
tance  clwnge?.  in  discrete  steps  forming  the  following  types 
of  chan.'iels:  <a)  short-life  channels  wtilch  can  last  from 
less  ttion  one  secofwl  to  a  few  minutes;  (b)  long-life  chan¬ 
nels  wtiich  open  and  reni<iin  In  this  state  for  some  minutes 
or  even  hours.  Itte  ctvjrvnels  are  anion  selective  and  ttv-ir 
conductances  vary  between  10  to  240  pS  in  O.IM  KCl  and  10 
to  aOOO  pb  ill  IH  KEl.  TIte  smallest  values  in  each  case  <ire 
associated  with  PLA-in«*jced  channela.  The  lomi-life  chan¬ 
nels  present  a  flicker  process*  The  frequency  of  occurrence 
of  tl*e  channels  Increases  in  the  presence  of  PLA.  Addition 
of  Ca  to  tite  bathih)  solution  enhances  even  more  ClX-etfect* 
a  further  increase  in  channel  frequency  appearance  is  ob¬ 
served,  Itve  channel  duration  is  aukgmentcd,  the  flicker  pro¬ 
cess  is  more  frequent  and  the  flickers  are  longer. 
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MICROSCOPIC  OISTURBAIICES  OF  THE  CARDIAC  IMPULSE 
SPREAD  AT  HIGH  DRIVING  FREQUENCIES 
C.  Hofer.  H.  Wlndisch  and  H.A.  Tritlhart,  Inst. 
fOr  Ked.  PDysik  und  8iophysik,  Unlversitdt  Graz, 
Harrachgasse  21,  A8010  Graz,  Austria 

We  have  perforiaed  neasurements  of  action 
potentials  and  conduction  velocities  in  guinea 
pig  and  rabbit  papillary  ouscles  and  Purkinje- 
fibers  In  microscopic  areas.  Continuous  and  save 
propagation  was  observed  in  Papi 1 lary-nuscles 
within  a  preparation  dependent  frequency  range  (6- 
t6Hz).  Above  this  range  spontaneous  changes  of 
the  paths  of  excitation  occured  in  a  beat  to  beat 
like  manner,  leading  to  exorbitant  changes  of 
conductioir  time  in  microscopic  areas.  Similar 
results  were  obtained  in  Purkinje-f ibers,  but  the 
uppermost  excitation  frequency  was  United  to 
about  6Hz  due  to  a  2:1  block.  These  results 
indicate,  that  macroscopic  disturbances  in 
impulse  conduction  associated  with  high 
excitation  frequencies  (ventricular  arrhythmias) 
are  likely  caused  by  severe  microscopic 
discontinuities  of  propagation. 


DIFFERENTIAL  EFFECTS  OF  pH^  and  ON  THE  INWARDLY  RECTI¬ 
FYING  POTASSIUM  CURRENT  IN  HEART  CELLS  FROM  BULLFROG  ATRIUM 
K.  Kanai  and  W.  Giles,  Dcpartecnc  of  Medical  Physiology,  The 
University  of  Calgary,  Faculty  of  .Medicine,  Calgary,  Canada. 

An  intracellular  single  suction  aicroeUctrodc  techni<iuc 
has  been  used  to  record  the  inwardly  rectifying  current, 
in  single  myocytes  obtained  from  bullfrog  atrium  by  an 
eniytse  dispersion  method.  The  inhibition  of  i^*^  by  ApH  in 
the  acid  direction  has  been  studied;  and  an  attempt  has  been 
oade  to  deteraine  whether  or  ApKo  is  more  effective. 

Our  results  con.>istently  show  that  when  a  Na-acetate 
buffered  Ringers  is  used  to  change  both  intra-  and  extra¬ 
cellular  pH  froD  control  (7.4)  to  acid  (6.0)  values: 

(1)  the  action  potential  is  prolonged,  (11)  i^*,  (recorded 
in  25  aM  Ringers)  is  significantly  inhibicea  (802  t  52, 
s.e.,  n«3).  In  contrast,  when  only  pHo  is  changed  to  pH  6.0 
(K-biphthalate  Ringers)  iKi  is  reduced  very  little  (72^42, 
s.c.,  n"3).  These  data  suggest  that  pH  Dodulates  i^i  in 
cardiac  myocytes  by  a  oechanisa  similar  to  chat  originally 
described  by  Moody  and  Hagiwara  (1982)  in  starfish  oocytes. 


063 

ON  THE  MECHANISMS  OF  POST-STIMULUS  HYPERPOLAftUATI 
ON  IN  RE7Z1US  NERVE  CELLS  OF  LEECH 
S.§.  O^tnanovld  and  9.6.  Beleslln,  Inst,  of  Patholo- 
;’ic  Phy^Ssil.  Med.  Fac.  Belgrade,  Yugoslavia. 

Excessive  firing  in  Retzlus  nerve  cells  of  leech,  ilaeso- 
pls  sangulsugi.  was  followed  with  a  strong  eenbrane  hyperpo- 
larlzatlon.  With  a  sufficient  long  train  of  impulses  post- 
stltsulus  hypvrpolarlzatlon  (PSH)  consisted  of  two  different 
phases.  During  the  early  part  of  PSH  a  decrease  of  input  re¬ 
sistance,  by  about  30X,  was  obtained.  The  actlvatlo.i  of  the 
late  phase  with  prolonged  depolarizing  trains  (more  than  10a) 
WHS  strongly  dependent  on  passive  senbrane  properties  and 
occured  on  exponential  or  slgaold  manner.  In  K-free  saline 
the  early  part  of  PSH  was  augaented,  in  contrast  to  the  late 
one,  which  was  completely  blocked.  At  the  sace  time,  a  drop 
of  Input  reslstence,  with  size  similar  to  that  observed  in 
nomal  saline,  has  been  registered.  Replacement  of  all  extra¬ 
cellular  Na  with  TfilS  had  a  similar  effects.  Palslng  of  ex¬ 
tracellular  Ca^  concentration  the  size  and  duration  of  PC.1 
moderately  Increased  without  change  of  resistance  dec-ease 
pattern  in  the  early  phasw.  Application  of  strong  irward  cur¬ 
rent  Inncdiately  after  depolarizing  stimulus  reversed  direc¬ 
tion  of  PSH.  The  present  results  suggest  two  different  mec¬ 
hanisms  responsible  for  PSH  genesis:  1)  a  prolonged  Increase 
In  membrane  conductance  to  K  ,  which  contributes  the  early 
phase,  and  2)  activation  of  an  electrogenic  sodium  pump,  res¬ 
ponsible  for  the  late  phase  of  PSH, 


065 

THE  HONOHER-TETRAKER  EQUILIBRIUM  Of  KELITTIN  IN  LIPID 
MEMBRANES.  A  POSSIBLE  MECHANISM  FOR  PORE  FORMATION. 

Horst  Vogel.  Biccenter,  University  of  Basel 

Fluorescer.ce  energy  transfer  neasureaents  on  menibrane  in¬ 
corporated  unclittin  show  that  the  polypeptide  aggregates  as 
tetramers.  The  aggregated  nelittin  molecules  traverse  the 
lipid  bilayer  in  fore  of  a-hel1ca1  rods,  as  concluded  free 
Raaan  and  infrared  spectra.  Because  one  side  of  a  mlittin 
helix  surface  is  strongly  hydrophobic  and  the  other  nore 
hydrophilic,  the  tetrarners  could  act  as  pores  of  pen&eation 
of  hydrophilic  substances  through  the  nembrane.  The  nonooer- 
tetramer  equilibrium  in  the  bilayer  can  be  nodulated  e.g.  by 
the  physical  state  of  the  lipids.  Transitions  between  the  eo- 
nooeric  and  the  tetraneric  fora  in  the  bilayer  oiy  be  the 
origin  of  the  opening  and  closing  of  pores.  Binding  of  oelit- 
tin  froca  aqueous  solution  to  lipid  oeebranes  is  rehected  by 
a  change  of  its  tryptophane  fluorescence.  A  fast  (msec)  and  a 
slow  (sec)  process  are  observed,  interpreted  as  a  fast  ab¬ 
sorption  of  the  polypeptide  to  nMbrane  surface,  followed 
by  4  slower  concerted  aggregation/incorporation  i^rocess  of 
the  nelittin  molecules  into  the  lipid  bilayer.  The  halftioe  i 
of  the  stow  process  depends  on  pH;  at  pH4  T"300$ec.  at  pKB 
T«10sfc.  The  tine  course  of  nelittin  incorporation  into  oen- 
branes  is  deterained  by  a  protonalable  group  with  an  apparent 
pK«6.5,  probably  the  aaino  teminus  of  the  peptide. 


064 

A  HiriHOD  FOR  DE  lERHlNAT ION  Of  THE  SODIUM  AND  FOTA 
SSIUM  CURRENT  DURING  ACTION  POTENTIAL  FROM  FROG 
MUSCLE  riORES 

M.A.  Troyonova,  A. A.  Gydikov.  Central  Laboratory 
of  E>iophyaic9,  Bulgarian  Academy  of  Sciences, 
Acad.G.Oontchev  $tr.,  01.21,  Sofia  IMS,  Oulg'jn  » 
Expcri»icntally  recorded  action  potentuH 
(AP)  were  digitally  processed  to  obtain  I,^^  and 
currents,  first  the  total  ionic  current^  1 
wSs  calculated  from  the  cabel  equation,  the  lli^e 
derivatives  of  the  AP  being  obtuned  by  means  of 
the  Fourier  transform  method.  Considering  the 
facts  that:  (1)  the  conductivity  g^  is  functi¬ 
on  within  the  class  of  the  unlmod u 'stable  distri 
butlsns  and  (2)  1^,  oegins  later  than  I,  ,  r,  xa 
calculated  for  the  whole  duration  of  Ine  AP,  * 
can  be  obtained  from  the  dal)  tor  g,^  and  1^ 
the  difference  I  -  I^  si  v 

1  Sa 
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AN  ATF-DBPLETIOM  CURRENT  IN  CHICK  EMURYO  VENTRICLE  CELLS 
THAT  RESEHSLES  THE  INSULIN-ACTIVATED  8ACKCROUNO  dRRENT 
— -i*  Aver, Jr.  and  R.Fuchoeitter*, Anatomy  Dept. 

TiMry  t'niver*itv  School  of  Medicine,  AlUnta,  Georgia  USA 
The  background  ..urrent  wi«  weatured  fro*  eiogle  12-U  u* 
;-d«y  ewbryonic  chick  ventriv-le  celU,  with  p«tch-electrodet 
in  Che  vhole-cell  claap  configuration.  The  l/V  relation  wj« 
dependent  on  the  concentration  of  ATF  In  the  electrode 
internal  perfuaion  aolution  (IPS).  When  the  IPS  contained 
5^  ATP,  the  l/V  curve  va»  roughly  linear  fro*  -90nV  to  U*V, 
and  had  a  aean  slope  conductance  of  3)b  pS  (N-4).  The  zero 
current  point  (reeling  potential)  vae  -UnV.  With  IPS 

lacking  ATP,  cella  retted  at  -86*V  (near  Eg);  the  alope  of 
the  linear  portion  of  the  I/V  curve  (-90«V  to  -10«V)  waa 
1232  p$  (N*8),  and  between  *20  and  *60*V  It  vat  negative. 
The  ATP-depletion  activat-d  background  current  neatured  here 
rcaeablet  that  in  adult  *amal{an  cardiac  cell#  (Nova; 
Beche*  and  Pott).  It  )t  alto  tlnilar  to  the  intulin' 
activated  background  current  in  embryonic  cella  that  occurt 
in  the  pretence  of  intracellular  AT?  (Fiachmeiater  et  al. . 
Biophya.  J.  75a).  With  IPS  lacking  ATP,  the  Increaae  in 
net  outward  current  occurred  in  leaa  than  three  ain  after 
the  mCMbrane  patch  waa  diarupted;  within  about  30  ain  the 
current  irreversibly  declined  to  a  low  level.  V«  poatulate 
that  upon  depletion  of  intracellular  AT?  the  open-atate 
probability  of  inaulin-regulated  K-channela  increaaea  to  a 
aaxiau*  after  idiieh  the  channel*  becoae  non-functional. 
(Supported  by  NIH  POl  KL-27385  and  ROl  HL-16567  to  RLD). 
^Peraanent  addrea*:  Lab.  de  Phyaiol.  Cell.  Cardiaque,  INSERH 
U-2A1,  Univ.  de  Paria-Xl,  91405,  France 
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0»  THE  IONIC  REGULATION  OF  THE  ELECTRICAL  AND  MECHANICAL 
ACTIVITIES  IN  HUMAN  AND  GUINEA-PIG  URETER. 

H.Ch.  Hichatlov,  0.  Martin,  H.  Grfndler^Greimel,  A.  Fetter*, 
B.  Rattel*,  Faltenaayr  and  E.  Elsaesser**.  Inst.  Biol., 
GSF-Neuherberg;  *Inst.  Phartsacol.,  University  Munich; 
**Uroiog.  Klinik,  Krkh.  Banaherz.  Br.  Munich,  FBG. 

The  electrical  (intracellular  recording)  and  Bechanical 
(isotonic)  activities  of  huaan  (surgical  oaterial)  and 
guinea-pif'  (g.p.)  ureter  preparations  were  studied  in  KcEwen 
solution.  The  oseobrane  potential  (HP)  was  >35  to  >60  cY.  HP 
of  g.p.  ureter  fluctuated  periodically  due  to  superieposi- 
tion  of  second  and  ninute  rhythss,  i.e.  the  electr{> 

cal  pattern  consisted  of  two  types:  (1)  regular  single 
spike  activity  and  (2)  regular  bursts  of  spike  discharges 
of  varying  sizes.  Increase  of  CK*3  or  decrease  of  CCa*^] 
changed  the  spike-  in  a  burst*activity;  at  a  'critical  ra¬ 
tio'  of  [K*3:tCa**3  bursts  with  a  plateau  phase  appeared. 
Frequency  (v)  and  duration  (t)  of  the  bursts  (b)  are 
oatheoatical  functions  of  the  ionic  concentrations: 

''b  "  ^*CNa^'  ECa**3**  "[F]*  CCa^*31* 

6aCl2,  MgCl^i  HnCl2  have  acre  cooplicated  effects  on  the 
bursts  than  the  natned  ions.  The  spontaneous  mechanical  acti¬ 
vity  of  all  preparations  is  influenced  by  ions  in  a  sioilar 
way  as  the  bursts.  The  influence  of  T*  and  X-rays  on  the 
ureter  was  also  studied.  The  ionic  dependence  of  the  ureter 
and  detrusor  activities  (Proc.  Int.  Union  Physiol.  Sci. 
(1980).  14.  580;  Bettr.  Urol.  (1984),  J.  183.  Karger  Basel) 
will  be  compared. 
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PROPERTIES  or  NEW  SODIUM  CHANNELS  EXPRESSED  IN 
TONIC  MUSCLE  FIBRES  AFTER  DENERVATION  J.Zachar. 
O.Zacharov^,  M.HenSck  and  G.A.Nasledov,  centre 
of  Physiological  Sciences/  Slovak  Academy  of  Sci¬ 
ences,  Bratislava,  Czechoslovakia. 

Membrane  currents  in  donervated  slow  /tonic/ 
muscle  fibres  of  the  frog  were  analysed  by  means 
of  the  vaseline-gap  voltage  clamp  method.  Sodium 
conductances  as  function  of  both  time  and  voltage 
were  found  to  be  described  quantitatively  by  the 
Hodgkin-Huxley  model  for  the  sodium  channel  in 
twitch  fibres  of  the  same  muscle.  Parameters  of 
the  kinetic  model  differ  from  those  in  twitch 
fibres  by  values  of  the  rate  constants  only.  The 
sodiun  channels  in  normal  and  donervated  twitch 
fibres  differ  in  the  rate  of  inactivation,  which 
is  enhanced  after  denervation  /T^4.6  ms  as 
against T* 8  ms  in  normal  fibres/.  The  new  sodium 
channels  arc  TTX  sensitive  and  show  the  ionic  se¬ 
lectivity  /Na^:  NH**  :  K*«  1:0.88:0.23:0.012/ 

which  can  be  compared  to  that  in  donervated  twitch 
zausclc  fibres,  i.e.  1:0.91:0.14:0.082.  These  re¬ 
sults  support  the  hypothesis  that  sodium  channels 
formed  in  donervated  tonic  muscle  fibres  arc  of 
the  same  genetic  origin  as  Na  channels  expressed 
under  physiological  conditions. 
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ANALYSIS  OF  THE  DELAYED  01T.?ARD  CURRENT  WHEN  SUB¬ 
STITUTING  Bfi**  FOR  Ca**  IN  HELIX  POKATIA  NEURONS 
a.  Ncnticelli ,  Dipartir^nto  di  Fisiologia  o  Bio- 
ohinica  ?vnerali,  University  dogli  Studi , 
via  Celoria,  26,  2013J  Milano,  Italy. 

The  pr'^sent  research  is  concerned  with  the 
study  of  the  ionic  currents  some  neurons  of  the 
Helix  nonatia  subtfsophageal  ganglia  when  Ca  is  re- 
placed  by  Ba«  The  cells  were  impaled  with  two 
r.icroelectrodec  and  voltage-clanped  by  means  of  a 
conventional  type  electronic  circuit.  The  replace- 
nent  of  the  external  Ca  with  an  equirolar  concen¬ 
tration  of  Ba  resulted  in  a  decrease  of  the  total 
delayed  outward  current  as  tne  nenbrane  potential 
was  ’^ade  nore  positive.  The  action  of  barium  was 
volta^'e  dependent.  The  net  outward  current  during 
»'epeated  voltagc-ciarp  pulses  has  been  studied  too 
Responses  to  repetitive  activation  with  lOD  r-s  re- 
polarizati'-r.  interval  were  r*=»corded  to  analyze  th-' 
deficit  in  net  outward  charge  transfer  und'T  voit- 
oc't-clarp.  In  norra2  saline  this  deficit  in  rf^-t 
^h'jrc*e  transfer  has  teen  r^iat^d  to  the  inward 
flow  of  Ca  ions  occurring  at  high  depularizations 
and  obs-'ureJ  by  th»'  '■-upward  current  of  potassiu*'. 
Dival»-nt  .‘ation  producijd  a  re/ersible  de- 
rre.'cicn  af  ielay- i  outward  current  and  it  cetns 
t^at  toth  the  volt  igo-ifpendcnt  and  Ca-depend*:nt 
•'o-por.tnis  i  f  th  •  1»l.ay*'d  K*current  are  iffccted 
t  ,•  thi.  ion. 
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ISThRiCflON  BlbThULN  IOnS  AND  HATER  INSIDF  TliE  GRAMICIDIN  A 
aiVML'  I.  '1ET1»D  POR  viF.\SURIN(l  ^WLL  aUXFS.  F.C.  Franca 
and  Joaquin  Procopio,  Dcpartincnt  of  Physiology  Sill  8ioph>slcs 
Institute  of  Biomedical  Sciences,  University  of  Sao  Paulo. 

Sjo  Pauls  Brazil. 

The  antibiotic  gramicidin  A.  when  Incorporated  into  pla¬ 
nar  lipid  bilayer,  foms  ideally  cationic  selective  channels. 
Ihe  transport  of  ions  and  water  through  these  channels  is  be¬ 
lieved  to  occur  in  a  single-file  runner.  The  am  of  our  work 
is  to  study  the  interactions  bet*«ccn  ions  and  water  inside 
thi:>  channel.  The  first  part  of  the  work  consists  in  me.as- 
uring  n.  the  mrher  of  water  nolccuacs  that  an  ion  carrier  a* 
It  passes  through  the  channel .  For  that  purpose  we  have  made 
electroosmoiic  cxperinenis.  In  this  way  we  apply  a  current 
through  the  raenbrane  and  measure  the  associated  noIu^  flux. 
This  flux  is  of  the  order  of  lO'^L.  To  measure  it  wo  built  a 
chan^r  made  .of  &  high  precision  thenaometer  with  one  of  its 
extremities  enlarged.  Tnls  extremity  forms  a  rescrv'atory  that 
c<»zaunicates  with  the  exterior  through  a  small  circular  hole 
(about  Icn  diameter) ,  At  the  otlicr  extroaity  we  connect  a 
lihil  Hamilton  syringe  filled  with  colored  mineral  oil  caking 
an  interface  with  the  solution  (O.IM  KCl)  in  the  gra<luated 
part  of  the  thenaometcr.  As  the  thenacocter  is  closed  the  w) 
ino  flux  will  cause  the  neobranc  to  tolgc;  this  is  corrcctedT 
with  the  syringe.  Ke  can  read  the  volizae  variations  by  ob¬ 
serving  tKc  oil-solution  interface  in  the  graduated  zone  of 
the  thcnxncter.  For  an  azolectin  (2.5i  in  n-decane)  meebrane 
wo  obtained  n*  13.36  i  l.?l  (SE)  (27).  These  results  are  pre 
liainary  and  not  corrected  for  unstirred  layers  or  surface 
charges  effects  in  the  wcbranc. 
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ANOMALOUS  REACTANCE  OF  POTASSIUM  CHANNELS  OF  CHARA  CORALLINA 
F.  Hopbiy.  A.  Jenard,  H.  Hurwitz,  Dept.  Therjnodynanique  Elec- 
trochfinique,  C. P.160,  UnW.  Libre  de  Bruxelles,  Av.  F.  Roose¬ 
velt  50,  B-1050  Bruxelles,  Belgit^. 

Investigations  of  membrane  potential  response  to  a  cons¬ 
tant  current  pulse  have  been  performed  in  Chara  coralllna 
cells  at  various  current  intensities,  external  chemical  com¬ 
positions  and  temperatures.  The  membrane  potential  response 
to  a  constant  current  pulse  displays  an  overshoot  which  has 
been  attributed  to  a  time  variant  conductance  of  the  pous- 
siva  channels  of  Chara  (1).  The  relative  amplitude  of  the 
overshoot  and  its  oscillation  increase  with  the  current. 

This  behaviour  appears  for  both  inward  and  outward  currents 
and  precedes  always  the  action  potential.  Frequencies  tempe¬ 
rature  dependence  yields  an  activation  energy  comparable  to 
that  of  the  potassium  channels  transfer  (36  ♦  2  kJ  mol**)  for 
temperatures  above  15*C.  The  overshoot  is  relatively  unaf¬ 
fected  by  10  ciH  CaCl2»  MgCb  or  30  mH  Sorbitol.  However  it 
disappears  when  potassium  channels  are  opened  with  IS  mH  KCl. 
These  results  are  consistent  with  our  previous  conclusion  (l) 
according  to  which  the  overshoot  results  from  a  time  variant 
conductance  of  potassium  channels. 

(1)  r.  Homble,  A.  Oenard  (1984)  J.  Exp.  Bot.  (in  press) 
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TITYUS  SCORPION  TOXI.,  .•'ODIPIES  KA  CHANNELS  IN  FROO  NERVE 
W,  Vo>T*^l  ^n-l  P,  phyw^tol.  Inst.  Univ.  Aulw.-g,  D-6500 

Gl'r.ji,'!!,  W.»0*r-%r.y 

ih**  ^ifl'ect  of  v-tvxiir.  of  the  Soyth  Atserlcan  scorpion  Tltyas 
serrulatus  (Tltxr)  on  excitable  Besbran^s  was  stull»*iJ  by 
curr-nt  anl  /oltajy  clasp  exf-rlaentd  with  aingle  nerve 
fibr«r  of  ia^vls.  The  oflVcts  of  oxt^'rnally  applied 

Tltxv  appoar^  i  at  o^n'^entrations  higher  than  about  ICO  nM, 
0.1  or  0.2%  of  t-j/lnH  albuBin  add*d.  Uninr  current  c’aap 
conditions,  VO'j  nN  TltxY  depolarized  the  nervM  aeabrane  by 
bV,  Iniuc^d  rep'.tjtive  and  £lpontaneou^.  activity  with  a 
frequ'-ncy  'it  60  i,**,  prolonged  action  potentials  by  about 
factor  4,  and  continuously  decreasel  th-lr  asplitudes.  The 
initial  otate  vf  hyperexcitability  wa.>  followed  by  a  state 
of  coeplev  in<  xcltability.  Under  voltage  clasp  conditions, 
IttxY  r»duce<i  the  i<a  peak  current,  slowed  down  Na  current 
inactivation  (developaent  of  as  veil  as  recovery  froo  in¬ 
activation)  and  shifted  the  current-voltage  relations 
towards  negative  potentials.  The  steady-state  inactivation 
curve,  obtained  with  50  os  prepulses,  decreased  In  steep¬ 
ness,  but  reaained  unshifted.  In  550  nM  Tltxy  ,  Na  peak 
current  was  reduced  to  50Z  within  4  ainutes  and  further 
decreased  to  lOX  after  !5  olnutes.  All  effects  of  TitxY 
were  reversible  The  recovery  of  Na  peak  current  was  only 
partial  and  slower  than  Its  decrease.  TitxY  thus  aodiflos 
activation  of  Na  channels  soaehov  siallar  to  Centruroides 
sculpturatus  IV  scorpion  toxin  (Meves  et  nl.,  1982, 
Pfluegers  Arch,  ?9>,  56-62).  The  IsporUnt  difference  is 
that  Tltxy  action  does  not  need  a  directly  proceeding 
dec>olarisatlon. 
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KHETICS  OP  LUCfflSCmCIH  BINDING  TO  HIMJN  ETOTHROCyiE  GIOSTS. 

C.Salemo,C.Crll'd,E.Capuozzo  and  R. Strop  -  C^^i  Centre  Tor  Kol 
ecular  Biology,  fioos;  Inst,  of  Blocnenlstry  arvi  Dept,  of  Blo- 
pathology,Unlversity  of  Rone  "la  Saplenza",  Rcoe,  Italy. 

V<h«i  the  polyesUc  antibiotic  Inoensorrycln  (2-30  ajM)  was 
rapidly  mixed  with  tAraan  erythrocyte  ^losts  (20-200  Am  in 
cholesterol),  two  consecutive  exponential  processes'of  slp>- 
liar  arpUtude  were  detected  by  cmitorlng  the  polyene  absor¬ 
bance  at  320  nm. 

Ihe  tlxne-courses  of  both  processes  were  Independent  of 
the  poiyerw  concentration.  Ihe  apparent  first-order  rate  con¬ 
stant  of  the  faster  event  was  a  linear  Ainctlon  of  the  mer>- 
brane  concentration;  for  the  second  process  the  apparent  , 
first-order  rate  constant  approa<^5ed  a  limiting  value  of  2s“^ 
In  the  presence  of  a  large  excess  of  the  liquid.  The  absor¬ 
bance  dange  of  the  overall  phenansncn  was  a  hypertwUc  fur>- 
ction  of  the  neffbrane  cwiccntratlon  (K"10^M),  Cholesterol- 
-depleted  nenbranes  were  unable  to  Indice'any  change  In  pol- 
yene  absorbance;  If  reconstituted  with  exogenous  <^lesterol, 
the  absorbance  changes  upon  nixing  with  luccnsocycln  were  al- 
s»st  Identical  to  those  observed  with  native  nectrancs. 

Lewering  of  the  protein  content  of  the  ghosts  to  70?  of 
their  original  value  by  digestion  with  proteinase  K  did  not 
modify  their  affinity  for  the  polyene.  Ihe  kinetics  of  bin¬ 
ding  presented  however,  besides  the  ease  two  exponential  ev¬ 
ents  observed  with  native  naRbrarjcs,  a  third  very  slow  (t. 

10  s)  process,  the  presence  of  which  was  more  evident  at 
high  polyene  concentrations. 
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ELCCTRO-,  THEftHO-  AKO  X-RAY- IHOUCEO  REACTIOHS  IN  ISOLATM 
HUMAN  AiiO  GUINEA-PIG  PYELOURETER  AND  DETRUSOR. 

0.  Martin,  E.  Neu,  I.  Prechter,  K.  Tecpel*,  F.  Zettler**, 
M.Ch.  Hlchallov.  Inst.  61ol.,  GSF-Neuherberg;  *Inst.  Pharma¬ 
col.,  Unfv.  nuidch;  **Inst.  Zool.,  Univ.  Munich,  FRG. 

Electrostfpulatlon  (CS),  changes  In  temperature  (T*)  and 
X-rays  induced  changes  in  the  soontaneous  phasic  contrac¬ 
tions  (SPC)  (isotonic  recording)  of  preparations  from  hwan 
and  guinea-pi9  (g.p.)  pyelon,  ureter  and  detrusor.  CS  of 
10  Hz,  0*3  as  pulse  and  3  s  scries  duration  inhibited  or 
blocked  the  SPC  of  huoan  pyelon  without  visible  clianges  in 
frequency  and  basal  tone;  after  ES  of  100  Kz,  0.3  ns,  3  s 
the  frequency  of  contractions  and  the  tone  increased.  The 
pyelon  of  g.p.  reacted  to  CS  of  10  Hz  by  augoentation  of  the 
SPC-anplitudcs  without  changes  )n  frequency  and  tone;  ES  of 
100  Hz  induced  an  initial  inhibition  of  SPC-acplitudes  fol- 
lON^d  by  an  increase  of  frequency  and  tone.  Huaan  and  g.p. 
ureter  reacted  with  regular  contractions  to  ES  (10,  100  Hz) 
without  changes  in  SPC  and  tone.  Cooling  (37*C  to  25*0  re¬ 
versibly  blocked  the  SPC  of  pyelon  and  ureter,  but  had  no 
effect  on  the  tone  changes  after  ES;  X-rays  (10-20  Gy)  sti- 
Rulatcd  or  blocked  the  SPC  in  these  organs.  The  SPC  of  de¬ 
trusor  were  inhibited  b/  ES,  cooling  and  X-rays.  It  can  be 
concluded  that  reactions  evoked  by  electro-,  thermo-  and 
X-ray-stiaali,  furtberoorc,  the  influence  of  ions  and  drugs 
on  these  reactions,  can  be  used  for  an  analysis  of  the  regu¬ 
lation  of  oscillating  biophysical  processes  which  control 
the  rl\ythaic  electrical  and  occhanical  activity  of  these 
oi*gans. 
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KEXeSANE  FCTErn^IAL  PEPEJ.PC-CY  OF  ACTIVATION  DEWY  IK  GIANT 
AXOTw  CF  THE  $QVW 

Y.  Piehcn.  Y.  Limtt  ind  M.  Bso- 

phy^squ?,  laboratoire  de  Neurobiologie  Ccllvil-airf  CJiRS,  Gif 
sur  Yvet«e,  Frarce. * 

Special  projraiss  hwe  t'*erj  to  oTiilyse  the  effects 
cf  ‘neebr-u’.e  poterttiji  or*  th**  delay  which  separ-tes  the  typ»- 
cjli/  Sigmoidal  ti-«  course  oi  act*vation  of  the  pota&'^j'sa 
y.d  sodiu’?!  currents  lro>*»  the  fcejinnin?  of  step  depolariza¬ 
tions.  Oarrent  traces  were  recorded  urAd..*r  voltaje-cl-v-'p  con¬ 
ditions,  digitize^  and  stored  on  tape.  These  traces,  vrrr 
then  analysti  on  the  t^Sis  of  the  Hodgkin  ar.d  Huxley 
-':del  iSrs.tP'lnl  censtant  exponents  (4  for  n  and  3  for  e»).  A 
least  Square  ♦it  cf  the  l^n-^rized  current  trace**  corrected 
for  instant  aneoiS  PC  coepon-nts  v^s  used  to  CJiicul.ate  the 
tiee  constAftt  cf  activsticn  y.d  the  activation  delay.  For  u 
-e'^rar.e  held  at  -CO  "aV  y.d  '.topped  durie/^  20  nsec  at  -60  n,V 
before  aipplicatlon  of  the  test  pulse,  the  delay,  which  i« 
negative  for  small  depolarizations,  reverses  polarity  around 
-30  mV,  reaches  a  p-ak  value  between  -20  and  0  mV,  then 
slowly  decreases  for  larger  depolarisations.  The  curve  rela¬ 
ting  activation  delays  to  prepulse  potent»<als  changes  poli- 
rity  t-tween  -CO  -40  mV.  It  is  steeper  for  depolarizing 
prepulses.  These  results  support  the  existing  evidence  that 
electrically  silez.t  confort"ational  changes  precede  acti¬ 
vation  oi  the  ionic  conductance  in  the  axonal  laeabrane. 
Hodgkin  A. 1.  y.d  Huxley  A. P.  (H52)  -  J.  Ri/sioI..Lordontli7. 

♦  E'xperi^ents  were  perfor^d  at  the  Jt.tior.  Diologiqu'^, 
F-2?2it  Po»cof»,  Frar.c»'. 
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BLOCKAGE  OF  SODIUH  AND  P0TAS$1UH  CHANNELS  BY  THE 
ANTIEPZLEPTXC  DRUCf  VALPROATE.  VanErp,  H.G.  and 
VanDongen,  A.H.J.  Laboratory  of  Physiology  , State 
University  of  Leiden,  The  Netherlands. 

Valproate  Is  a  drug  whose  application  has  in¬ 
creased  rapidly  during  last  years  because  of  its 
strong  antiepileptle  action  and  relatively  snail 
side  effects.  Until  now,  effects  on  GABA-ergic 
synaptic  transaission  have  been  claloed  as  its 
nain  oechanlsa  of  action.  Other  antiepileptic 
drugs  (Phenytoin,  Phenobarbital ,  Ethotoin,  Carba- 
o»..epin,  Diazepaa)  have  been  shown  to  selectively 
block  sodlua ychannels.  Therefore  we  investigated 
the  effects  of  Valproate  on  both  sodiua  and  potas- 
slua  channels.  Single  ayellnated  nerve  fibres 
Isolated  froa  Zschiatic  nerve  of  Xenopus  laevls 
were  voltage  elaaped  using  a  aodifled  Nonner 
claap.  Valproate  (0.2-2  bH)  was  shown  to  block 
boti  sodiua  and  potassiua  channels  in  a  poorly  re¬ 
versible  way.  Hyperpolarizing  prepulses  (0.5-10 
sec.)  partly  restored  the  aaplitude  of  the  potas- 
sluD  current.  Due  to  reaoval  of  .nactivation  this 
effect  was  less  clear  on  sodiua  channel  blockage 
and  reaalns  to  be  studied  In  detail.  Where  block¬ 
age  of  sodiua  channels  seeas  to  be  a  general  fea¬ 
ture  of  all  antiepileptle  drugs  investigated 
sofar,  blockage  of  potassiua  channels  appears  to 
be  a  unique  property  of  Valproate.  This  Bay  ex¬ 
plain  its  special  status  aaong  the  antiepileptic 
drugs. 
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SPECTROPHOIOHEIRIC  PROPERTIES  OF  POTENIIAL 
SENSITIVE  DYES  BOUND  TO  HEART  MUSCLE  TISSUE 
w.  Muller.  H.  Mindlsch  and  H.A.  Tritthart,  Inst, 
far  Med.  Physik  and  Blophysik.  Unlversltai  Graz. 
HarracNgasse  21.  A80I0  Graz,  AasCrla 

A  new  eRulpaent  was  developed  for  detection 
of  electrical  properties  of  oeobranes  of  heart 
oascle  cells  by  neans  bf  pbtentlal  sensitive  dyes 
(RM237,  RHI60  and  RH270).  It  allowed  (seasurenents 
with  higher  resolution  In  tine  (SkHz)  and  space 
(excitation  spots  down  to  Stja)  than  described  so 
fa'.  Additionally  the  phototoxic  side  effects  as 
well  as  photobleachlng  could  be  alninlzed  by 
using  a  Pockels  cell  as  an  optical  shutter  for 
the  exctltlng  laser  beam.  Me  observed  large 
changes  In  fluorescent  light  during  the  action 
potential  (RH237  up  to  lOt,  RHI60  and  RH270  up  to 
6X  each,  dyes  synthesized  by  A.  Grlnvald).  This 
equipaent  coablned  with  an  optical  aultichannel 
analyzer  (OMA),  could  also  be  used  for 
aeasureaents  of  fluorescent  spectras.  When  bound 
to  the  aeabrane,  the  fluorescent  spectras  of  all 
three  aentloned  dyes  showed  a  characteristic 
shift  of  the  peak  wave  length  to  shorter  regions 
coapared  witA  the  spectra  In  aqueous  or  alcoholic 
solutions.  The  spectrophotoaetrlc  features  of 
these  new  potential  sensitive  dyes  are  attractive 
for  photoaetric  aeasureaents  of  excitation. 


078 

APICAL-MBMBRANH  POTASSIUM  QIAMffiLS  OP  MAMMALIAN  OCRTICAL 
COLLECTING  TUBULE.  W.  Huntoc,  A43.  Lcpoa,  £.1.  Doulpaop  and 
G.  Gioblschy  Yale  Univ.  Sch.  Hod.,  New  llavon,  CT,  USA. 

The  distal  nephron  and  cortical  collecting  tubule  are 
the  predoainant  sites  oi  potassium  secretion  U»  kidiey. 
Microoloctrode  studies  have  indicated  the  presence  of  a 
barlua-sensltlve  potassiun  conductance  in  tho  apical  mem¬ 
branes  oi  tho  principal  cells  of  the  latter  segoont.  Using 
the  patch-claap  technigcs  wo  Mvo  identiiied  potassiue- 
selective  chinnels  Ir.  tho  apical  noabranos  of  rabbit  corti¬ 
cal  collecting  tubules. 

T^jbulos  wore  dissected  from  the  kld:x^s  of  New  Z^lanJ 
White  rabbits  and  the  luminal  surface  exposed  by  ripping 
the  tubule  lengthwise.  The  apical  membrane  could  then  bo 
approachod  with  a  flro-poUshed  pipette  and  giga-soals  were 
generally  obtained  spontaneously.  Although  when  present  the 
chinnol  could  bo  seen  opening  and  closing  spontaneously,  we 
h\ve  not  studied  the  channel  while  ooll-attachod.  The  pip¬ 
ette  was  then  withdrawn  froa  tho  coll  forming  an  inside-out 
patch. 

Tho  channel  has  o  slope  conductance  of  around  100  pS 
with  75  mM  potassium  in  the  pipette  and  15  bM  potassium  in 
tho  boUv  It  is  selective  for  potassiua  over  s^iua  witli  a 
selectivity  ratio  of  I0;l.  Decreasing  tho  calciua  concen¬ 
tration  at  the  cy^lasaic  face  of  tho  channel  resulted  in 
a  decreased  open-probability.  The  open  probability  is 
reduced  to  zero  at  calciua  concentrations  less  ttmn  10*®M. 
Tho  channel  is  also  reversibly  Inhibited  by  Da’^  (applied 
to  the  cyb^plasaic  face)  in  a  dese-depondent  fashion,  with 
a  Ki  around  100  uH. 
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079 

ISOLATION  OF  PLASMA  MEMBRANE  FROM  C0LLA6EHASE 
OISAGGREGATEO  GUINEA  PIG  CARDIAC  MUSCLE  CELLS 
N.Srhrplti'aiiv(>r.  G.Zernig,  K.RadI  and  H.A. 

Tritthart,  Inst.  He-*  Phys.  Blophys..  Univ.  Graz, 
Harrachgasse,  A-8010  Graz.  Austria. 

Henbrane  fragments  were  Isolated  for 

reconstitution  experiments  in  monolayer  derived 
artificial  bi layer  membranes  and  the  electrical 
properties  of  ionic  channels  studied.  High 

connective  tissue  content  often  results  in  low 
yield  membrane  preparations.  Me  have  overcome 
this  problem  by  perfusing  the  isolated  heart  in  a 
Langenoorff  system  with  a  collagenase  (100  i.u./ 

ml).  PS  /uM  Ca‘*  containing  Krebs-Ringer 
buffe'.  The  subcellular  fragments  were  separated 
from  the  isolated  cells  by  centrifugation  and 
further  fractionated  on  a  discontinuous  sucrose 
density  gradient.  Total  yield  of  the  plasma 
membrane  marker  enzyme  5’ -  Nucleotidase  was  BX 
and  enrichment  was  about  EOfold  in  the  material 
collected  from  the  top  of  the  0.6H  sucrose 
solution.  Contamination  by  mitochondrial 
membranes  was  less  than  11  as  tested  by 
cytochronp-c-oxidase  activity.  Our  approach 
offers  (I)  high  yield  together  with  (2)  high 
purity  of  the  plav  •  membrane  preparation  and  (3) 
■tirert  comparison  oi  natch  cl  lap  data  from  native 
•  'ranes  with  reron  liteied  membranes  by 
Sut  itting  both  ct'llsand  -'em!, ran”  fragments  to 
the  me  enzymatic  treaiveot. 

081 

PHORBOL  ESTER  EMUNCES  AS  IKWARD  a’RRF-NT  IN  Tttf  MG  OFI! 
NEURONS  OF  APLYSIA.  L.K.  Raezaarck.  J.A.  StronR.  and  S.\. 
r£RlcB«r,  Dept. of  Pharaacology*  Y«)c  t^lv.  Sch»  of  Hcd., 
Cedar  St.  Kev  Haven,  CT  06S10,  USA. 

Phorbol  esters  have  been  shown  to  activate  rh' 
eaiclua-phosphoUpld  dependent  protein  kinase  <  Protein 
Kinase  C  )  in  a  rariety  of  types  of  colls  including  th< 
bag  cell  neurons  in  the  abdoealnal  ganglion  of  Aplysia  .ibe 
action  potentials  of  the  bag  cell  neurons  undergo  profound 
changes  in  their  shape  foUoving  brief  electrical 
stiBulatlon  of  an  afferent  input  froo  the  head  ganglia.  Ve 
have  now  investigated  the  effects  of  the  phorbol  estei , 
I2«0-tetradecanoylphorbol-13-acetatc  (tPA)  on  isolated  bag 
cell  neurons,  ealntained  in  cell  culture.  Ve  have  found 
that  TPA  produces  increases  in  the  height  of  action 
potentials  evoked  by  depolarizing  current  pulses.  TPA  also 
increases  the  tendency  of  these  cells  to  fire  repetitively 
on  depolarization.  The  effects  of  TPA  on  ionic  currents 
were  exaedned  using  the  vhole-ccll  patch  clasp  sethod. 
Isolated  cells,  pre-exposed  to  lOOnH  TPA,  were  found  to 
have  significantly  greater  peak  inward  current  than 
untreated  controls.  Prelinlnary  expcrlaents  suggest  that 
this  enhanced  current  is  carried,  at  least  in  part,  by 
calcius  ions. 


083 

THE  DEPENDENCE  OF  THE  ELECTRICAL  PROPERTIES  OF  THE  HEKOCYANIN 
CHANNEL  ON  A  FIXED  NEGATIVE  CHARGE  ON  IT 
6.  tienestrina  and  C.  Porcelluzzi,  Oipartinenio  di  Fi$ica,Pov<v 
Trento,  ITALY 

Kecathura  crenulaia  heraocyanin  incorporates  into  phospho¬ 
lipid  planar  biluyer  cteisbranes  fontiinq  ionic  channels  with 
fixed  orientation  wUh  respect  to  the  side  of  additton,c»s 
side.  These  channels  have  several  conductance  states  but  can 
be  kept  in  the  Dost  conductive  one,  called  “open".  The  conduc¬ 
tance  of  the  open  state,  which  is  cation  selective, depends 
both  on  the  applied  voltage,  positive  voltages  (cis  negative) 
decrease  it,  and  on  the  ionic  composition  of  the  c}edluta,u  $a 
turates  at  increasing  salt  concentrations.  It  was  suggested 
that  saturation  and  selectivity  were  due  to  a  negative  fixed 
charge  on  the  channel.  Since  protons  are  known  to  neutralize 
neweyanin  negative  charge,  we  have  exaained  the  effects  of 
varying  the  pH  on  the  properties  of  the  pore.  Lowering  the  pH 
sywjctrically  on  both  sides  decreases  the  naxizal  conductance 
5f  the  open  state  and  shifts  its  non-linear  current-voltage 
curve  towards  negative  voltages.  The  saae  behaviour  was  obser¬ 
ved  both  in  KCl  and  in  K2SO4  solutions,  both  at  high  and  low 
ionic  strength  and  with  mesibranes  of  different  surface  charge. 
The  selectivity  of  the  channel  was  independent  of  pH  with 
<2^04  but  not  with  KCl,beeing  lost  at  pH  4.5.  All  these  find¬ 
ings  are  consistent  with  the  idea  that  the  channel  bears  a  ne 
gativa  charge  Influencing  the  ionic  pathway. 


080 

MULTIPLE  SITE  OPTICAL  RECORDINGS  OF  ACTION  POTENTIALS  IN 
“WORKING"  GUINEA  PIG  HEARTS  6.  Salaaa  and  R.  Loebardi, 
Univ.  of  Pittsburgh,  Dept  of  Physiol.,  Pittsburgh,  PA,  USA. 

Guinea  pfg  hearts  were  perfused  in  a  "working"  heart 
apparatus  in  Ringer's  containing  10  uH  of  a  voltage- 
sensitive  dye.  Action  potential  wi'c  simultaneously  record¬ 
ed  froo  124  regions  of  tj-»e  neart  through  the  fluorescence 
and/or  absorption  changes  of  *he  bound  to  the  sarco- 
lecna.  Light  fron  t4irgsten-ha1o9en  lasps  vas  passed  through 
interference  filters  and  illunfnated  the  heart  uniforaly. 
Fluorescent  or  scattered  light  forced  an  icnage  of  the 
heart  on  12  x  12  photodind'*  arr-^y.  Outputs  froo  124  ele- 
oents  of  the  array  were  roMTied,  AC  coupled  using  a  3s 
tine  constant  to  preserve  s'n»ee  of  the  action  poten¬ 
tials,  then  stored  in  a  PDA  li/23  ror  subsegu'int  analysis. 
Signals  froo  each  diode  were  saopled  every  0.6  osec  for  2 
to  4  sec.  Software  was  developed  to  locate  the  upstroke  of 
action  potentials,  d?temine  delays  between  action  poten¬ 
tial  in  various  regions  of  the  heart,  and  draw  a  rsap  of 
propagation  pathways.  Changes  in  patterns  of  propagation 
were  correlated  with  the  local  oetabolic  state  of  the  heart 
oeasured  through  NADH  fluorescence*  Propranolol  (.1  og^l) 
prolonged  the  plateau  by  1.4  x  and  reduced  atrio¬ 
ventricular  conduction.  Verapaail  (.4  ug/ol)  produced  a 
very  slight  drop  in  the  plateau  but  a  draoatic  reduction  of 
atrio-ventricular  conduction.  Patterns  of  electrical  activ¬ 
ity  provide  a  cooplete  picture  of  cardiac  excitation  under 
nomal  and  arrhythnic  states,  and  point  out  how  anoxia  or 
local  Injuries  alter  propagation  pathways.  Supported  by 
AHA  82  1231  and  the  Uestern  Pennsylvania  Heart  Association. 

082 

CA  LOADING  AND  CA  CHANNEL  INACTIVATION  IN  HELIX  NEUkONBS 
T.  t,  Ward,  D«^rtici«nt  of  Physiology,  Utiiverslty  of  Leicester 
Leicester,  U.K. 

There  is  now  considerable  evidence  to  suggest  that  the 
inactivation  of  the  potential  dependent  calcius  curren.t  in 
mny  tissues  is  sediated  by  the  tCa){^.  Ion  sensitWe  sicro- 
electrodes  were  used  to  aonltor  CCa)|^  ond  periodic  brief 
depolarisations  applied  to  the  voltage  clasped  neurones  to 
eeasure  the  Ca  current  aaplitude.  The  cean  resting  tCalj, 
was  0.266  i  0.024un  (rt*8) ,  Neorones  w-re  loaded  using  Jong 
depolarisations  in  25aM  Ca^*  ringer  and  then  the  reco'^ery  of 
both  tCal^  and  current  acplltude  aonltored.  The  nomxl  r»te 
of  recovery  froa  the  Ca  loading  was  too  rapid  for  tbe  icn 
sensitive  electrode  to  follow.  However,  the  application  of 
CCSiP  to  block  nltochondrial  j  ^questratlon  of  Ca‘*  ‘‘lowed  the 
recovery  sufficiently  to  aiAOw  continuous  accurate 
acasurenent  with  the  ion  sensitive  electrode.  In  tntc  case 
the  recovery  was  followed  froa  a  tCaJj  value  of  >.3uM  and 
correlated  with  the  current  anplitude,  both  sets  of  data 
giving  exponential  recoveries  with  tlao  censtantvS  of 
approxloately  1.5  minutes.  It  was  possible  to  construct  a 
dose  response  curve  for  the  reduction  of  current  aaplltude 
plotted  against  Cca]^.  The  maxxaua  current  anplitude  for  the 
cell  was  calculated  assuming  that  the  Ca  current  at  the 
resting  (Ca)^  represented  0,'76  of  the  aaxiaua  current  seen 
after  EGTA  injection  to  lower  (CaJj.  The  subsequent  plot  of 
current  reduction  against  ICaJ^  gave  a  good  fit  to  a 
theoretical  curve  constructed  assuming  1:1  bindirg  with  a 
binding  constant  of  0.4diiM. 

084 

IONIC  CURRENTS  IN  AN  ISOLATED  SMOOTH  MUSCLE  CElL.  ^ 

Stein  and  P.  A.  V.  Anderson,  C.  V.  Vhltnejr  Laboratoxy  and 
Dept,  of  Pliyslology,  Unlveralty  of  Florida,  USA 

Conventional  2-el'-‘Ctrodo  voltage  cleaplng  methods  were 
used  to  investigate  the  currents  cooposing  the  action 
potential  in  large  ssooth  muscle  cells  isolated  frea  the 
ctenophore  Mn*>alop8ls«  The  passive  properties  were  first 
exaained  to  establish  conditions  necossaiy  for  adequate 
space  claaplng.  Total  aeabrane  current  (I)  appears  alailar 
to  that  seen  In  aany  excitable  cells  —  a  transient  inward  1 
appearing  at  levels  of  eeobrane  potential  positive  to  the 
resting  potential  (-60  aV)  followed  by  an  outward  1  which 
peaks  between  150  and  200  msec,  and  then  decays  to  a  steady 
state  after  9-10  seconds.  The  early  inward  I  is  responalble 
for  the  rising  phase  of  the  action  potential  and  is  a  TTX- 
Insensitive,  ooaposlte  NaVCa^*  I  through  a  single  channel 
type  which  can  be  partially  blocked  by  2^  uM  D-600  or 
verapaail  and  totally  blocked  by  2  cM  Cd^*.  Reduction  in 
external  Ka*  or  appropriately  dininlshss  the  iswa^ 

X.  depolarization  is  aediated  by  4  currents:  I)  a  Ca^*- 
activated  conductance  (gX*^^)  which  has  a  tlae  constant 
of  activation  (t^)  of  45  asec.  and  a  t  of  inactivation  (t«) 
of  1-2  sec.  2)  a  rapid,  voltage-activated  gX*  with  s  of  5 
esec>,  which  inactivates  with  tlae  45-50  aseo)  tnd  at 
holding  potentials  above  -40  aV.  5)  a  slower  voltage- 
activated  gX*  which  does  not  inactivate  with  tlae  or  voltage 
(  T.  10-50  asec).  4)  a  voltsge-actlvatod  gCl~.  These 
nndtngs  suggest  fundaaental  slailarltles  with  vertebrate 
SBOOth  Buscle.  (funded  by  the  Vhttehall  Foundation  and  PHS 
F32  CKO992O-OI). 
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085 

CHEUICAl  aODIFICATION  OP  GATIHG  MSCHAHISli  IH 
SODIDU  CHANNSIi.  G.H.  Mozhayeya,  A.P.  Hauaov, 

B.D.  lIoByreva.  Inscifute  of  Cytology,  USSR  Acade- 
B7  of  Sciences,  Leningrad,  USSR. 

In  order  to  approach  to  the  chenical  nature 
of  "oobile"  gating  charges  in  Ha  channel  paraoe- 
ters  of  channel  activation  and  inactivation  have 
been  studied  in  the  nodal  nenbrano  treated  with 
soae  carboxyl  group  reagents;  water-soluble  car- 
bodiioides  (HRC)  and  Woodward's  reagent  E  (WRE). 
1-e thyl-3-(>-dine  thylaminopropyl )carbodiiQlde  and 
cyclohexyl-5-(2-aorpholinoeth7l)carbodiinide 
netho*4-toluene  sulfonate  (50-100  aM,  pH  1-.5-5.5) 
irreversibly  slowed  kinetics  and  reduced  the  stee-{ 
pness  of  voltage-dependence  of  channel  activatlo;) 
and  inactivation,  aeabrane  potential  (Rq)  being 
-80  ♦  -100  nV.  She  effective  charge  of  activation 
(Zef)  deterained  froa  Uniting  logarithalc  slope 
of  voltage  dependence  of  the  fractional  nunber  of 
open  channels  was  decreased  by  the  factor  1.8. 
Analogous  treataent  at  SjpO  nV  did  not  change  Z^f. 
WRC  were  noneffective  at  noraal  pH.  WRE  (10-100 
aM,  pH  5.0-6.5)  induced  slowing  activation  klnu- 
tics  without  changes  in  Zef.  She  data  allow  to 
suggest  that  gating  charges  are  presented  (partly 
or  entirely)  by  carboxyl  groups,  located  on  the 
external  surface  when  channels  are  closed  and 
nonlnactlvated. 


087 

PHOTOMETRIC  HEASOREHEHTS  OF  THE  RISIHG  PHASE  OF 
CARDIAC  ACTION  POTENTIALS 

H.  HIndlsch.  H.  Mullet-,  H.A.  Trllthert,  H. 
Hagauer  and  R.  MacLeod,  Inst,  fiir  Med.  Physik  und 
Biophyslk.  Universltdt  Graz.  Harrachgasse  21, 
A8010  Graz,  Austria 

He  have  measured  the  rising  phases  o(  cardiac 
action  potentials,  using  some  new  potential 
sensitive  dyes  (RH237,  RHI60.  RH270).  synthesized 
by  A.  Grinvald.  After  the  usual  staining 
procedure  atria!  and  ventricular  strips  of  guinea 
pig  and  rat  heart  were  mounted  under  a  microscope 
objective  (40x)  in  a  bath  superfused  with  normal 
Tyrode's  solution.  A  new  built  optical  system  was 
used  for  the  excitation  of  the  stained 
preparation  as  well  as  for  the  detection  of  the 
fluorescent  light  with  high  tine  and  spatial 
resolution  (I20yjs,  tOyim).  The  electrical  signals 
obtained  were  digitalized  and  transferred  to  a 
mlnleomputer  for  further  data  analysis.  The 
detected  rising  phases  obtained  with  spot  sizes 
beiow  SOfim  generally  showed  the  usual  shape  but 
durations  significantly  shorter  than  those 
obtained  with  conventional  glass-microelectrodes 
under  Identical  experimental  conditions.  These 
photometric  results  of  excitation  onset  likely 
indicate  the  superiority  of  cel  1 -potential 
measurements  without  electrical  Interference. 


089 


086 

lUILORIDE-SEKSIOTE  PRAGMBHT  0?  THE  Ha-SELSCTIVE 
IRAHSMEMBRAHE  STRUCZURES  B.l.Bpssonov,S.V.Butsuk, 
M.B.Chemousova, Joint  Panel  of  Biophysics, Pacific 
Oceanological  Institute  Fur  Eastern  Science  Centre 
USSR  Acad.Sci. , Vladivostok  7, Radio  Street ,650032, 
USSR. 

External  surface  of  the  Rana  ridibunda  skin 
being  bathed  by  solution  contented  LIOaM  KaCl.ZnM 
JlgCl2,1mM  ATP,pH=7,2)  hydrolyzed  ATP  (2,6i]:cM  Pj/ 
cm2h).Intemal  surface  was  bathed  by  the  Hinge., 
p!U7,2.Amiloride  (lOmcM)  inhibited  this  hydrolysis 
at  oean  to  50^  from  the  initial  level. Also, Aailo- 
ride  inhibited  Ko+,K-F-ATPa3e  (1400acU  Pi/og  h) 
Iron  the  pig  kidney  (Kq  5=110ffic!i7  obtained  by  the 
Jorgensen  method  (Ann.Hll.Acad.Sci.242:36, 1974, set 
also  BBA,433,M3i531 ,1976). These  data  are  in  agree¬ 
ment  with  the  hypothesis, that  Na+channels  of  the 
external  frog  skin  surface  nay  be  localized  nithir 
Hat,E'''-ATPase  of  the  basolateral  cell  membranes  of 
the  outest  Stratum  granulosun  or  innest  Str.come- 
um  layers  (Hep. USSR  Acad.Sci. ,268,112:478,198^), 
«^th  th.-  noidspccific  permeability  of  the  apical 
cell  oembranes.The  alternative  is  the  com.-non  or 
similar  fragtent  in  Ha'*',K+-ATPase  and  in  Ha-selec¬ 
tive  unexcitable  and  excitable  cell  membranes. For 
the  later  the  inhibition  of  the  sodium  conductance 
by  Aniloride  is  demonstrated  as  well  (Proceed. 
Meet. USSR-Snitzerl and .Tashkent , USSR:  191,1 983  .see 
also  Aner. J. Physiol. , 242 ,H3 : 21 31 , 1 978) . 
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103 

ElfsKGSi'ICS  AHD  SIOSISCTHOGSUESIS  OK  SX0ITA3IiS 
ICySKAHES 

V*  Vasllescu,  Eugoala  Chlrterl-Kov4ca.  Eva  Xatona 
and  Sonl^^tarcan 

Medical  faculty/  Departcent  of  Biophysics, 
Bucharest,  BOUANIA 

Carrying  on  our  previous  studies  of  D^O  action  on 
the  structure  end  function  of  ercitahie  systecs, 
deuteration  effects  on  the  bioelectrogenesl's 
processes  In  the  nerve  fibre  i  heart  and  retina 
and  also  those  on  the  eroitation-energy  coupling 
in  these  systens  were  iavestlgeted.  Thus  the 
cellular  ITF  pools  appear  to  be  substantially 
decreased  in  the  deuteiated.  aysteas  in  function* 
tJnder  BpO  end  tenperature  influence  tfaeretlne 
ON-response  latency  xeatlns  alcost  unohesged,  but 
the  retina  OFF-response  latency  is  very  nuch 
affected*  BoO  la  observed  also  to  prevent 
rhodopsin  aolecules  to  aggregate*  Possible  role 
of  this  aggregation  process  in  triggering  of  the 
retina  OPF-response  is  suggested  by  data  analysis. 
By  oorreleting  the  results  obtained  from 
erperiaents  performed  on  nerve,  heart  and  retina, 
the  importance  of  certain  general  phenomena 
occurring  In  the  early  stages  of  bioelectro- 
genesis  and  substantially  altered  by  deuteration 
Is  emphasized* 


104 

INFLUENCE  OF  MEMBRANE  CURVATURE  ON  INCORPORATION 
OF  COENZYME  Q  10  INTO  SONICATED  LIPOSOMES. 

L.  Mlchaclls  and  M.J.  Moore,  Department  of  Bio¬ 
chemistry,  University  of  Hull,  Cottingham  Road, 
Hull,  UK. 

It  is  well  known  that  ubiquinone  50  (Coenzyme 
Q  10  B  coQ  10)  is  present  in  raany  tissues  and  is 
an  essential  component  of  mitochondrial  electron 
transfer.  The  proton  NHR  spectra  of  ultrasonic 
irradiated  phosphatidyl  choline  vesicles  con¬ 
taining  CoQ  10  exhibit  two  distinct  resonances  of 
the  aethoxy  groups  (at  3.98  and  3.82  ppn) .  The 
two  peaks  were  found  to  be  inversely  related  to 
sonication  tine.  After  short  sonication  the  number 
of  large  liposomes  dominates  and  the  low  field 
peak  is  large,  whereas  after  prolonged  sonication 
the  number  of  small  liposomes  dominates  with  the 
high  field  peak  increased.  A  second  resonance  at 
1.58/1.52  ppm  (the  precise  origine  of  this  reso¬ 
nance  is  still  under  investigation)  behaves  in 
the  same  way.  It  can  be  concluded  that  there  arc 
two  different  locations  in  the  membrane  which 
depend  upon  the  curvature  of  the  bilaycr.  Lantha¬ 
nide  induced  pseudocontact  shift  (Eu^*,  Pr^*)  did 
not  affect  the  resonances  of  oxidised  and  reduced 
CoQ  10.  This  suggests  that  both  forms  of  the 
enzyme  are  incorporated  into  the  fatty  acyl 
chain  region  (buyond  C  2)  of  the  membrane. 
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MAGNESIUM  IS  BOTH  AN  INHIBITOR  AND  A  NECESSARY  CO-LIGAND  FOR 
PHOSPHORYUTION  FROM  P.  OF  SARCOPLASMIC  RETICULUM  ATPase 
Ph.  Chaspeil.  F.  Gullldint  and  M.P.  Gingold,  Service  de 
Blophyslgue,  CEN  Saclay,  91191  Glf-sur-Yvette  Cedex,  FRANCE. 

Magnesluia-depcndent  phosphorylation  frea  P.  of  Sarco- 
plasQlc  Reticulua  (SR)  ATPase  has  been  sho^n  to  be  pH-depen- 
dent  in  usual  buffers}  this  dependence  vanished  In  the 
presence  of  dlcethylsulfoxlde  (DMSO).  We  recently  studied 
the  effect  of  DMSO  on  SR  neEbranes,  and  found  that  in  its 
presence,  the  (Mg.Pj)  conplex  was  the  true  substrate  for 
ATPase  phosphorylation,  and  aagncslua  >,«s  no  longer  deple¬ 
ting  the  substrate-reactive  (•£)  ATPase  confcrfwtlon.  On  the 
basis  of  these  results,  we  propose  here  a  new  reaction 
scheae  to  account  for  phosphoenzyme  formation  in  the  absence 
of  solvent,  iaplylng  that  the^CHg.P.)  cctaplex  is  a  substrate 
for  this  reaction  whereas  Mg  ItsUf  acts  as  an  inhibitor 
of  full  phosphorylation. 

This  ccaEunicatlon  shows  how  the  scheae  suggested 
reconciles  the  results  in  the  literature  for  equilibrium  and 
kinetic  expericeuts.  In  addition  we  present  both  equlllbriua 
and  Kinetic  data  which  lend  positive  support  to  our  sugges¬ 
tion.  In  particular  we  show  that  at  pH  7,  the  entyoe's 
sensitivity  to  magneslua  is  such  that  phosphorylation  is 
slower  when  phosphate  is  added  to  SR  eeabranes  preincubated 
with  aagnesiua  than  when  nagnesiua  is  added  to  SR  neabranes 
preincubated  with  phosphate. 
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CONCERNING  THE  HOOUUTORY  ACTION  OF  5-HY0R0XY7RYPTAHINE  ON 
SODIUM  EFFLUX;  THE  BARNACLE  MUSCLE  FIBER  AS  A  MODEL  SYSTEM. 
E.  Edward  BUtar*  6.  Chambers  and  K.  Ueno,  Department  of 
Physiology,  University  of  Wisconsin,  Madison,  WI,  USA, 

The  Na  efflux  into  10  mH^Hg^^-ASW  from  unpoisoned  and 
ouabain-poisoned  barnacle  fibers  is  stimulated  by  external 
application  of  5-HT  in  a  concentration  as  low  as  lO'^H.  The 
kinetics  of  the  response  resemble  those  seen  following  cAKP 
or  Ca^^  injection  viz.  the  response  develops  rapidly  but  be¬ 
gins  to  decay  20  mins  later.  As  a  rule,  barnacle  fibers  are 
always  sensitive  to  injected  cAKP  or  Ca**  but  the  same  is  not 
true  when  5-HT  is  applied  externally.  However,  insensitive 
fibers  can  be  rendered  sensitive  by  preinjecting  Gpp(NH)p 
into  then.  The  fact  that  sensitive  fibers  preinjected  with 
Gpp(NH)p  often  show  sustained  stimulation  of  the  Na  efflux 
suggests  that  desensitization  is  a  reversible  process.  Decay 
of  the  5-KT  response  may  also  be  due  to  the  presence  of  a 
brisk  cAKP-POE  systea.  This  is  suggested  by  experiments 
involving  the  use  of  the  xanthine  derivatives  l-propy1-3- 
»ethyl-7-(5-hydroxyhexyl)-xanthine  (Pm)  and  l-i$oa»yl-3- 
isobutylxanthine  (lAX)  which  selectively  Inhibit  high  Km  and 
low  Km  cAHP-POE  systoos.  That  5-HT  interacts  with  a  receptor 
is  suggested  by  the  fact  that  cyproheptadine  abolishes  the 
5-HT  response.  Ketbysergide  is  without  effect.  The  possi¬ 
bility  that  5-ilT  action  involves  activation  of  Ca^^  channels 
is  excluded  by  evidence  that  the  Ca^^  antagonists  verapamil, 
Cd2+  and  W-4101  are  ineffective.  Evidence  is  available 
that  preinjection  of  PKI  or  HgZ**  reduces  the  response  to 
5-HT.  This  is  in  line  with  the  view  that  5-KT  action  in¬ 
volves  activation  of  cAKP-proteln  kinase  by  newly  formed  cAkp. 
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A  FtOORtSCENT  OXONOL  OYE  FOR  MEASUREHEMTS  OF 
.MEMBRA\'E  POTENTIALS  IN  CULTURED  MAMMALIAN  CELLS 
Thomas  DpNuncr,  Reto  3.  Strosscr  and  Dieter  F.  Hulscr, 
(jlologT  Inst.,  Abt.  Biop»»ydik  und  Blocncrgctik, 

Univ.  Stuttgart,  Ulmerstr.  227,  7000  Stuttgart  60,  FkG. 

Monolayers  of  BICRAUR-k  and  L  cells  were  stained  with  a 
voltage-sensitive  fluorescent  probe,  tlic  membrane  pemwant 
negatively  charged  oxonol  dye  d^BA•C^-(3)*,  Measurements  of 
cytoplasmic  fluorescence  (goals  with  a  photomultiplier 
adapted  to  an  cpifluorcsc  .it  illmination  microscope  were 
coepared  to  simultaneous  gloss  nicroolectrode  recordings  of 
membrane  potentials.  Polycthylencglycoi-induced  coll  fusion 
provided  giant  cells  (homokaryons;  in  which  the  Inscrtcil 
electrodes  for  voltage  clairp  experiments  did  not  interfere 
wiih  Uw  cytoplasmic  area  for  the  fluorescence  roosurement. 
Over  a  range  of  -25  mV  to  -SO  mV  the  relative  inlroccllulai 
fluorescence  signal  linearly  decreased  with  increasing 
potential  difference.  Stepwise  voltage  changes  induced  by 
current  injection  resulted  in  slow  fluorescence  responses 
wiUi  an  a\'cragc  signal  size  of  about  1%  per  mV, 
Multlparomctcr  analysis  of  the  fluorescence  response  curves 
revealed  n  first  order  reaction  with  a  steady  stole 
different  from  zero.  Tl>c  rate  constants  ranged  from  0.1/min 
to  0.8/nIn.  The  velocity  of  Uw  fluorescence  change  and 
cooficqucntly  tiw  rate  constants  depended  cn  the  ceil  size 
and  the  magnitude  of  the  voltage  step.  Hx?  highest  rote 
constants  were  obtained  with  small  colls  and  large  voltage 
steps,  A  mcclwnlsm  for  the  voltagc-scnsitivc  reaction  of  the 
examined  oxonol  dye  Is  proposed. 
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MULTIPLE  STATES  OP  BILIRUBIN  IN  ERYTHROCYTE,  LIVER 
AND  MODEL  MEMBRANES.  V.  Glushko,  Department  of 
Biochemistry,  Temple  University  School  of  Medicine 
Philadelphia,  PA,  USA, 

Free  unconjugated  bilirubin  is  readily  incorporated  into 
actabrancs  at  physiological  conditions.  The  interaction  of 
bilirubin  with  erythrocyte  ghosts  (EG)  and  liver  plasma  mem¬ 
branes  (LPM)  resulted  in  the  appearance  of  fluorescence  at 
520  to  570  nm.  Froo  In  solution,  bilirubin  absorbs  at  438 
na  with  minimal  fluorescence.  However,  when  in  EG,  LPM  or 
micollcs,  bilirubin  fluoresces  in  the  range  of  500  to  570  nm 
with  maximum  excitation  at  440  to  470  nm.  The  appearemce  of 
fluorescence  follows  complex  kinetics  with  an  initial  rapid 
increase  followed  by  a  slower  enhancement  process.  EG  and 
aicelles  with  high  cholesterol  content  showed  the  greatest 
entianceaont  and  the  longest  delay  in  reaching  equilibrium. 
Although  Boxlmum  bilirubin  fluorescence  froa  LPM  was  achiev¬ 
ed  within  ’0  minutes,  It  was  less  than  30%  as  Intense  as 
that  froo  EG  after  one  hour.  In  both  cases,  essentially  all 
of  the  bilirubin  was  bound  to  the  ocsbrancs  within  2  ednutes. 
Reducing  excitation  froo  500  nm  to  420  na  resulted  in  a  rod 
shift  In  the  emission  maximum  from  530  to  570  nm,  indicative 
of  heterogeneous  photopltysical  transitions.  This  effect  was 
most  pronounced  in  EG  and  cholesterol  loaded  micelles.  Dis¬ 
ruption  of  mes^rano  organization  tended  to  reduce  the  de¬ 
gree  of  heterogeneity.  Con8cq>icntly,  when  membrane  boxmd, 
bilirubin  appears  to  exist  in  multiple  states}  the  transi¬ 
tion  froa  one  state  to  another  may  depend  on  mobility,  pola¬ 
rity.  and  accessibility  to  the  aqueous  i^iase. 
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PARACRYSTALLiriS  DISTORTIONS  IN  BIOLOGICAL 
KEKBRAIiBS. 

E*  L6pc2‘<:abarcos,  P.  Sana  del  Hoyo 
Dpto.  dc  Flslco-Qulisica  y  Tunicas  Instruncntalcs. 
Facultad  do  Farnacia.  Madrid  -  3.  SPAIN  . 

The  theory  of  paracrystals  offers  an  appropia 
to  vay  of  understanding  the  structure  and  proper-” 
ties  of  all  "nieso-structurcs*  lying  between  fluid 
and  crystalline  states.  The  atomic  or  molecular  — 
lattices  of  these  structures  consist  of  lattice  - 
bricks  with  statistically  varying  shapes.  The 
growth  of  the  distance  fluctuation  between  lattice 
elexsents  is  proportional  to  the  square  root  of  - 
tchir  separ^ation. 

Paracrystals  obey  the  so  called  a*-law  .  TypJ^ 
cal  values  of  a*  ■  0.15  are  obtained  for  synthetic 
polymers  and  catalyst.  In  biopolymers  and  bionem— 
branes  a  downfall  of  the  a*-valuc  to  0.05  is  ob¬ 
served.  This  fact  may  be  understood  by  the  occu¬ 
rrence  of  complex  bricks  within  their  macrolatti— 
ces.  The  results  obtanined  with  the  purple  membra¬ 
ne  of  Halol^cterium  Halobiun  and  the  erythrocyt  - 
ghost  laorabrano  are  discused. 
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ATPasc  INHIBITOR  PROTEIN  MAY  INCREASE  THE  SYNTHETIC 
ACTIVITY  OP  THE  ENZYME. 

M.  Gavi lanes.  Centro  de  Investigaciones  cn  Fisiolo- 
gla  cclular,  University  of  Mexico.  Dept-  de  Bioqui- 
mica.  Fac.  do  Mcdicina/  University  of  Mexico, 
Mexico,  D.P.  MEXICO. 

The  natural  ATPase  inhibitor  protein  of  the 
mitochondrial  ATPasc  of  Pullman  and  .Monroy  has  been 
suggested  to  preserve  ATP,  since  apparently  the 
main  effect  of  the  inhibitor  protein  is  to  inhibit 
hydrolysis.  However,  these  effects  have  been 
described  when  optimal  conditions  for  ATP 
hydrolysis  or  for  ATP  synthesis  prevail.  In  the 
present  work,  the  effect  of  the  inhibitor  protein 
on  ATP  synthesis  at  low  and  high  concentrations  of 
ATP  vas  explored  in  sufcenitochondrial  particles 
devoid  and  reconstituted  with  inhibitor  protein.  It 
has  been  found  that  when  ATP  synthesis  is  measured 
under  conditions  whore  ATP  concentrations  is  in  the 
mM  range,  the  synthetic  pattern  is  not  modified 
by  the  ATPasc  inhibitor  protein.  However,  when  ATP 
synthesis  is  monitored  in  conditions  where  ATP 
concentrations  are  in  the  uM  range,  the  ATPasc 
inhibitor  protein  can  modulate  the  activity  of  the 
ATP  synthase,  giving  as  a  result  a  conservation  in 
the  flow  of  energy. 
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BINDIKC  or  FLUORESCEIN  DERIVATIVES  TO  THE  <Ca2+-Mg2+).ATPa!.e 
OF  SARCOPLASMIC  RETICULUM.  B.L.  Levinson  and  A.C.  Uc, 
DepartBcnC  of  biochemistry*  University  of  Southampton* 

Bassett  Crescent  East*  Southampton,  U.K. 

Fluorescein  and  its  tetrabroQo-(eosin)  and  tccralodo« 
(crythrosin)  derivatives  bind  to  the  purified  (Ca2+-Mg2+)- 
ATPasc*  with  binding  constants  in  the  aicromolar  range.  In 
all  cases  this  binding  enhances  the  fluorescence  yield.  The 
increase  Is  seven-fold  for  crythrosin*  while  more  modest 
changes  are  obtained  for  the  other  probes.  Binding  Is  also 
accompanied  by  a  red  shift  in  both  excitation  and  emission 
spectra.  Binding  parameters  can  bo  obtained  by  fitting  the 
fluorescence  data  from  a  set  of  simple  titrations,  using  a 
weighted*  non-linear  least-squares  routine*  and  incorporating 
a  correction  for  inner-filter  effect.  Excellent  fits  arc 
obtained*  showing  one  binding  site  per  ATFase  monomer*  and 
for  crythrosin,  Kd*0.6  microaolar.  These  probes  also  inhibit 
the  Ca24-.dependenc  ATPasc  activity  in  the  same  concentration 
range.  They  thus  belong  to  the  very  small  class  of  water- 
soluble  inhibitors  of  the  ATPase.  Analysis  of  the  precise 
nature  of  the  inhibition  is  made  difficult  by  the  complex 
kinetics  of  the  enzyme*  but  the  inhibition  is  only  partly 
reversible  by  ATP*  suggesting  some  fora  of  nixed  Inhibition, 
Further  computer  aodelllng  of  the  kinetics  is  underway.  The 
results  are  generally  consistent  with  the  previous 
observation  that  fluorescein  Isothlocyanace  reacts  with  a 
unique  site  on  the  ATPase,  thought  to  be  the  A'lP  binding 
site.  These  probes  nay  prove  to  be  useful  in  studies  on  the 
conformation  and  aggregation  state  of  the  ATPase. 

(Supported  by  the  Muscular  Dystrophy  Association.) 
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CALCIUM  TRANSPORT  ACROSS  PHOSPHATIDYCHOLIKE  VESICLES. 

L.  Blau.  R.B.  Stern*  T-C.  Vun  and  R.  Bittsan*  Yeshiva  Univer* 
city*  New  York  and  Queens  College  of  CUNY*  Flushing*  NY* 
U.S.A. 

Calcium  transport  across  egg  phosphatidylcholine  (PC) 
vesicles  mediated  by  the  antibiotics  A23187*  its  methyl  este> 
(CH3A23I87)  and  X537A  was  studied  by  following  the  absorbance 
change  at  6S0  nm  of  the  calcium  sensitive  dye  arsenazo  111. 
Efflux  studies  were  conducted  by  adding  the  dye  to  the  ex¬ 
ternal  medium  of  Che  Ca2+-trapplng  vesicles  whereas  for  in¬ 
flux  studies  arsenazo  III  was  trapped  In  the  vesicles  and  the 
Ca^'*'  was  added  to  their  outer  medium.  The  order  of  initial 
rates  of  Ca^"*"  release  from  vesicles  was  A23187>X537A> 
CU3Al31b7.  The  Initial  races  of  Ca^^  efflux  from  PC  and  PC- 
cholesterol  vesicles  vrere  measured  as  a  function  of  (A23187]. 
Cholesterol  (26  mol  Z)  induced  a  SOZ  rate  reduction.  The  log- 
log  plot  of  race  vs  lA23187j  gave  a  slope  of  approximately  2* 
Indicating  a  second-order  dependence  on  (lonophore).  A  first- 
order  dependence  of  the  race  of  efflux  on  [CH3A23I87} 
was  observed.  The  initial  race  of  Ca^*^  infltuc  into  PC  ves¬ 
icles  in  the  presence  of  A23187  was  first  order  in  (Ca^'^). 
These  results  imply  that  one  Ca^*^  moves  with  two  A23187  ^1- 
ecules*  consistent  with  the  existence  of  a  2:1  A23187:Ca^ 
complex.  The  ionophorc-mediated  transport  of  Ca^*^  across 
lipid  bilayers  depends  on  Che  composition  of  the  vesicles* 
the  concentration  of  the  ion  and  the  nature  and  the  concen¬ 
tration  of  the  lonophore. 

(Supported  by  ONR  contract  NOOOE-K0437) 
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VOLTAGE  DEPENDEKCE  OF  THE  CURRENT  PRODUCED  BY  BACKWARD- 
RUNNING  SODIUM  PU>P  IN  SQUID  GIANT  AXONS. 

R.F.  RakowsXl  and  P.  De  Weer,  Marine  Biological  Laboratory* 
Woods  Hole*  Massachusetts*  USA. 

The  effect  of  membrane  potential  on  the  magnitude  of  the 
current  produced  by  electrogenlc  sodium  transport  in  the 
reverse  direction  was  investigated  in  voltage-clamped* 
internally  dialyzed  squid  giant  axons.  The  direction  of 
sodium  transport  was  reversed  by  bathing  the  axons  in  K*- 
free  seawater  and  internally  dialyzing  them  with  Na^-free 
solution  containing  6  mM  ADP,  $  oM  P^*  and  no  ATP.  Reverse 
electrogenlc  pumping  was  demonstrated  by  three  criteria: 

(1)  a  ouabaln-sensltlve  ^ ^Na  influx  was  observed  ((Na)j^>0)* 

(2)  the  pump  current  was  abolished  in  Na^-free  seawater*  and 

(3)  addition  of  H2DIG  inhibited  efflux  into  k*-free 
seawater.  Reverse  sodium  pump  current  (-0.16ld.02  pA/cm^ 
s.«.a»,  n*32*  V— 68i2  mV*  T-17*C>  was  measured  from  the 
change  In  holding  current  produced  b/  the  addition  of  the 
cardiotonic  steroids  dihydrodlgltoxlgenln  (R2DTG)  or  ouabain 
to  the  bathing  fluid.  Ihsse  steroids  had  no  effect  on 
passive  membrane  conductance.  Hyperpolarization  decreased 
the  absolute  magnitude  of  the  pump  current  by  about  S0%  per 
15  mV*  while  depolarization  Increased  It  by  a  similar 
amount*  The  direction  of  the  change  in  pump  current  is 
opposite  to  that  expected  from  the  change  In  thermodynamic 
driving  force.  There  is*  therefore*  a  region  of  negative 
slope  conductance  in  the  current-voltage  diagram  of  the 
reversed  sodium  pump. 

supported  by  HIH  grants  N511223  and  NS19393. 
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RESPONSE  OF  ISOLATED  SEA  URCHIN  SPERM  HEAD  PLASMA 
MEMBRANES  TO  EGG  JELLY.  J.  Carefa-Soto*  L.  de  Dc 
la  Torre,  I.  Vargas  and  A,  Darszon.  Dept,  of  Blo- 
chca.*  CINVESTAV-IPN,  MSxtco  City. 

Vc  are  interested  in  the  components  involved  in 
the  changes  in  plasma  membrane  ion  perBeablllty 
which  accompany  the  sperm  acrosome  reaction  induced 
hy  egg  jelly.  Ne  have  shown  that  sperm  plasma  mem¬ 
branes  preferentially  isolated  from  the  flagella 
change  their  permeability  to  Ca^  and  Na*^  in  re¬ 
sponse  to  egg  jelly  (Darszon  at,  Biophys.  J.  41: 
90a).  Since  in  sea  urchin  sperm  (Stiong^tocentirtui 
pu^puAatuA)  the  acrosome  reaction  occurs  in  the 
head  ve  have  begun  the  isolation  .ind  characteriza¬ 
tion  of  plasma  membrane  fragments  derived  from  it. 
The  isolation  is  based  on  tha  method  of  Jacobson 
(BBA  471:331)  using  positively  charged  beads.  The 
SDS  band  pattern  of  the  isolated  head  membranes 
differs  from  that  found  with  flagellar  plasma  mem¬ 
branes.  This  might  reflect  differences  in  thoir  com¬ 
position,  Although  possible  contamination  from  or- 
saneiles  1*  being  studied.  Surface  labeling  with 
>25i  indicates  a  2.5  fold  enrichment  of  specific 
activity  in  the  isolated  head  membranes  with  res¬ 
pect  to  whole  sperm.  Isolated  head  membranes  soni¬ 
cated  in  the  presence  of  soybean  phospholipid  lipo¬ 
somes  respond  to  Jelly  with  a  species  specific  in¬ 
crease  In  and  Na^  uptake.  In  addition*  as  in 

w^ole  sperm,  00**"^  uptake  is  blocked  by  nisoldipine* 
a  specific  inhibitor  of  Ca'^'^  channel  function. 
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KOLECUUR  CONrOSKATIOM  AKD  GATIKG  PROCESS  OF  SOSIUH 
CHASSFLS  IK  EXCITABLE  KEKBRAKES 

Guo-Zhu  He  and  Iffea-Xlu  ?ang,  Departacnt  of  Physics, 
Nankai  University,  Tianjin,  **.R.  Chin«. 

A  sodel  of  specific  nolccular  eonforisation  for 
sodius  channel  protein  in  excitable  accbranes  is 
proposed.  The  spaces  between  soae  <*  -helices  of  a 
spanning  cesbrane  protciti  are  supposed  to  be  sodius 
channels.  The  polar  and  charged  asino  acid  side 
chains  extend  into  these  spacer,  and  constitute  acti- 
vative  or  inactivative  gates.  Transitions  of  these 
side  chains  froa  one  conforaatlon  to  another  fora 
gating  current  and  cause  the  channel  to  appear  in  a 
closed  or  open  state.  Based  on  polarization  and  sta¬ 
tistical  theories,  expressions  for  the  steady  and 
kinetic  state  of  conforaation  changing  process  of  the 
side  chains  are  derived.  Kuserlcal  calculations  sadc 
by  using  these  expresrions  cav  fit  fairly  well  with 
various  eeasurecents  of  nerve  axons.  'Moreover,  the 
^■cheaes  about  the  interactions  between  cone  chcsicale 
and  receptors  in  sodiun  channel  are  dieeucsed  and 
infored  coae  specific  types  of  aalno  acid  side  chains, 
‘’’he  general  rule  about  the  effect  of  depolarizing 
pulse  procedure  on  the  coveaent  of  gating  charges  has 
also  been  studied. 
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INCREASE  OF  THE  FLUIDITY  OF  THE  LIPID  8ILAYER  OF  THE  INNER 
MITOCHONDRIAL  HEK3RANE  BY  SUCCINATE  AND  PHENYLSUCCIKATE  ; 

A  STUDY  BY  EPR  AND  aUORESCEHCE. 

Christine  Kutet,  Guy  Ouportail,  GSrard  Cr^sel  and  Albert 
Kaks'nan  -  centre  de  Neurochioie  du  CNRS  •  5,  rue  Blaise 
?a<cal  •  67084  Strasbourg  Cedex  -  France. 

It  has  been  shown  by  electron  paracagr.etic  resonance  and 
fluorescence  experinents  that  succinate  and  phenylsuccinate, 
which  induce  a  protein  novement  froa  the  inner  nembrane  of 
nitochondria  towards  the  interceabranc  space  and  the  inner 
natrix,  also  induce  an  increase  of  fluidity  of  its  lipidic 
dooains. 

The  spin-labels  used  wero  esters  of  fatty  acids  bearing 
a  doxyl  aoiety  either  at  the  polar  head  (COTAB)  or  at  the  5th 
(5NMS),  12th  (12NHS)  or  I6th  (IGffliS)  carbon  position  of  he 
chain.  A  significant  increase  of  fluidity  after  incubation 
with  succinate  or  phenylsuccinate  was  observed  when  membranes 
were  probed  with  COTAB,  5NMS,  12NXS.  but  not  with  16f«S. 

Mith  the  fluorophores  diphenylhexatriene  lOPH)  and  trl- 
T)€thyl  aononiua  diphenylhexatriene  (TKA-DPH),  the  fluorescen¬ 
ce  anisotropy  decreased  after  incubation  of  nitoplasts  in 
presence  of  succinate.  The  increase  of  fluidity  seeoied  more 
pronounced  near  the  bilayer  surface. 

These  results  lead  us  to  think  that  these  tsodificationsarx 
related  to  a  membrane  reorganization  involving  inter  alia  the 
lipid  matrix. 
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s??sCT  0?  sor^c  n&.7  CRaTii  2t;{..*rs  o:i  st.wCTu.rs 
A2TD  I0:T  P-2i:n.'A3ILITY  0?  ilODDL  , 

g-Caerhati^  ,  U.Szogyl^ ,  ?.g<51cyesi^ ,  and 

ii.goke-* 

JPlant  Protection  Inst. of  Hunc.Acad.Sci. , 
‘Secaclv/eis  ITedical  U.niv.  .Znst.of  Biophys. 
^Jechn.Univ.of  Budapest, Dept. of  Org.Chca.fcchn. , 
Budapest,  Huncary 

The  influence  of  some  no*.?  crov/n  others  on  the 
K*  and  Rb'*’  efflw:  of  nenbranes  was  studied  on  di- 
palxitoyl-phosphatydil-choline  (DPPC)  liposones. 

To  correlate  the  peracability  increase  to  Lite 
physico-charJ.cal  para-teters  of  the  investigated 
croY/n  ethers  their  lipophilicity  was  deterained 
by  reversed-phaso  thin-layer  chroaatograp.hy,  their 
effect  on  the  phase  transition  tenperature  of 
DPPC  waa  acasured  by  diffe^^cntial  sca.n.ning  calori- 
aetry.  So-ao  derivatives  enhanced  considerably  the 
pcmeabilitv  of  DPPC  liposoaes.  fhe  increase  was 
higher  for  rC*  than  fo^Rb"*"  proving  the  highly 
selective  bonding  of  K*",  ilo  correlation  was  found 
between  lipophilicity  and  poracability  increase, 
however  crown  ethers  shovdng  extremely  high  or 
lo;v  lipophilicities  hardly  influenced  the  permea¬ 
bility.  Crown  ethers  enhancing  sore  strongly  the 
permeability  of  DPPC  liposoaes  lowered  the  phase 
transition  i.caperaturo  of  DPPC  indicating  their 
structiu*e  doaaging  effect. 
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OISCRIHlNATIDN  BY  EPR  AND  FLUORESCENCE  PROTEIN  LABELS 
BETMEE.N  TWO  STATES  OF  ORGANIZATION  OF  THE  INNER  MITOCHONDRIAL 
MEMBRANES. 

Serge  Hurstel ,  Christine  Mutet,  Gerard  Crfenel  and  Albert 
WavWn  -  ceTitre  de  Neurochirsie  du  CNRS  •  5,  rue  Blaise 
Pascal  “  67084  Strasbourg  Cedex  -  France. 

The  movement  of  proteins  between  the  different  compart¬ 
ments  of  rat  liver  nitochondria  can  be  triggered  by  some 
movement  effectors  (e.g.  succinate).  Proteins  of  the  inner 
membrane  were  labeled  on  their  thiol -groups  with  a  fluores¬ 
cent  probe  :  pyrene-iodoacetamde  (PIA).  The  marked  modifica¬ 
tion  of  PIA  emission  spectra  observed  before  and  after  incu¬ 
bation  in  presence  of  succinate  was  studied.  The  difference 
of  these  spectra,  which  depend  on  meabranal  integrity,  indi¬ 
cates  a  modification  of  the  SH  labeled  environment  and 
suggests  a  membranal  reorganisation.  Identification  of  the 
labeled  proteins  by  electrophoresis  showed  their  great  diver¬ 
sity  in  molecular  weight.  Fluorescence  quenching  In  the  two 
states  lead  us  to  assume  a  model  of  independent  types  quen¬ 
ching  (static  and  dynamic)  to  explain  the  down-curved  Stern- 
Volmer  plots.  No  discrimination  between  the  two  states  was 
possible  with  cesium  and  iodine.  However,  succinate  treated 
nitoplasts  are  more  sensitive  to  acrylamide.  Experiments 
with  spin-label  thiol -reagents  confirmed  the  existence  of 
these  two  nembranal  states. 
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SI.MILARITY  BETWEEN  THE  EFFECT  OF  CHANGES  IN  THE  SURFACE 
POTEJZTIAI,  OF  YEAST  UPON  CATION  TRAIJSPORT  KINETICS  ANO  UPON 
BINDING  OF  A  CATION  TO  THE  YEAST  C'.IL  ME.M3RANE 
G.W.r.H.  Borst-Pauwels.  A.P.R.  Theuvene' ,  W.m.H.  van  de  Wijn* 
gaard  and  J.w.  van  dc  Rijke,  Lab.  of  Chemical  Cytology,  uni¬ 
versity  of  Nijmegen,  Toernooivold,  Ntjaegcn,  ihe  Netherlands 
Changes  in  the  surface  potential  of  the  yeast  cell  may 
have  a  great  effect  upon  the  kinetics  of  uptake  of  both  mono 
valent  cations  and  drvalent  cations  into  the  yeast  (t.21.Th< 
K^  of  Rb*  Uptake  increases  on  reducing  the  surface  potential 
{3>  and  the  kinetics  of  Sr^*  and  Ca^*  uptake  shift  from  that 
of  a  diffusion  process  to  apparent  saturation  kinetics  14). 
The  primary  factor  involved  in  these  effects  is  the  decrease 
in  the  intorfaclal  cation  concentration  near  the  yeast  cell 
membrane  caused  by  reduction  of  the  negative  surface  poten¬ 
tial  (1).  A  second  factor  which  xaay  be  involved  is  the  conco¬ 
mitant  change  in  the  gradient  of  the  electrical  potential 
within  the  zaembrano  which  will  be  expected  on  seducing  the 
surface  potential  at  the  outersido  of  the  cell  membrane.  Wo 
will  now  show  that  binding  of  an  organic  cation  (9-aainoacri- 
dine)  to  the  yeast  coll  meebrano  is  affected  in  a  similar  va^ 
as  uptake  of  Rb*  into  the  yeast  on  reducing  the  surface  po¬ 
tential.  This  indicates  that  the  expected  changes  in  the  e- 
lectrical  gradients  within  the  coll  membrane  do  not  attribute 
much  to  tho  kinetics  of  ion  transport  and  that  the  effects 
found  are  mainly  due  to  changes  in  the  cation  concentrations 
near  tho  mesbrano  surface. 

1.  A.P.R.  Theuvenet  cc  al. (1976)J.7heor.Blol.  57,313-329. 

2. G.W.F.il.  Borst-Pauwels  et  al. (1984)Physlol, Plant.  60,86-91. 

3.  A.P.R.  Theuvenet  ot  al.(l983>BBA  734,62-69. 

4. G  w^p.H  a1  /lepdisnii  in  n.'A«« 


120 

FLUORESCENCE  ENERGY  TRANSFER  BEWEEN  MEMBRANE 
PROTEINS  AND  A23187  A.  Hyono,  S.  Kurlyama  and  H. 
Masul,  Osaka  City  University Medical  School, 
Asahi-nachi,  Abeno-ku,  Osaka,  Japan 

When  tryptophan  residues  of  the  nenbranc 
ptoteins  of  intact  cells  and  Isolated  outer  and 
cytoplasmic  membranes  of  a  moderately  halophlllc 
bacterium  were  excited  at  279  nm,  the  tryptophan 
emission  was  observed  at  330  nm.  However,  adding 
calcium  ionophorc,  A23187,  to  tho  suspensions  of 
the  ccllf  and  the  both  membranes,  the  ionophoro 
emission  at  430  nm  appeared.  As  Increasing  A23187 
in  those  suspensions,  the  ionophorc  emission  in¬ 
creased  on  exciting  membrane  tryptophan,  that  is, 
the  fluorescence  energy  was  transferred  from 
tryptophan  to  the  ionophorc.  The  critical  dis¬ 
tances  between  the  ionophorc  and  the  tryptophan 
residues  of  both  isolated  membranes  wero  given  by 
Fdrstcr  equation  (52  A),  while  tho  critical  dis¬ 
tance  in  the  Intac^r  coll  membranes  was  further 
than  in  the  isolated  mombranos.  All  those  critical 
distances  are  longer  than  the  radii  of  membrane 
proteins,  so  that  the  ionophoro  is  thought  to  be 
rather  separated  fron  the  membrane  proteins  and 
be  situated  in  the  membrane  lipid  bilayers.  Those 
are  the  usual  relations  between  membrane  proteins 
and  the  ionophore.  On  the  other  hand,  only  50  per 
cent  or  less  of  the  tryptophan  residues  can  par¬ 
ticipate  in  the  fluorescence  energy  transfer. 
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EFFECT  OF  PROTEIN*  CROSS  LINKING  ON  WATER  AND  IONIC 
TRANSPORT.lHROUCn  FROG  SKIN 

D.-C-Miraneaf^u  and  Conttania  Ruclrcanu,  Membrane  Biophyitca  Group* 
Institute  of  Biolog^  Sciences,  Bucharest,  Romania. 

The  active  transport  of  Na^,  as  expressed  by  the  short-circuit  current* 
is  gradually  inhibited  ^hen  ^utaraldehyde  (GA)  is  present  in  the  Ringer 
solution  on  the  serosa)  face  of  the  skin,  even  at  0.01%  (w/v)  concentration. 
The  inhibition  is  rou^y  exponential,  vbith  time  constants  around  SO  min. 
It  seems  be  partly  due  to  the  inhibition  by  GA  of  the  tissular  oxygen  c^* 
sumption  v^ich  is  halved  by  0.10%  GA.  Higher  eoneentrations,up  to  1.0%^ 
signilicantly  increase  the  transepithelial  diffusiwial  permeability  of  water, 
and  also  produce  e>*en  more  pronounced  increments  in  the  dsffusional 
permeabilities  for  Na  and  K.  All  these  data  are  consistent  with  the  image  of 
GA  cross-linking  between  the  free  amino  (and  other  reactne)  groups  on 
the  proteins.  This  probably  results  in  the  severe  modification  of  every 
functtonal  protein  a^regate,  thus  inactivating  the  transport  ATP-ases,  but 
alto  causes  a  stabilization  of  protein  hydrophilic  membrane  domains  ma* 
king  the  water  and  the  small  ions  to  penetrate  easier. 
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PROTON-HYDROXIDE  PES.MEAB1LITY  OF  ME.NSRAKES.  D.W.  Deaacr, 
Dope,  of  Zoology*  Cniversley  of  California*  Davis*  CA 
Most  investigators  agree  that  proton/hydroxide  perccabil- 
Ity  of  sodel  and  biological  aesbranes  is  orders  of  magnitude 
greater  than  expected.  Several  recent  observations  are  per¬ 
tinent  to  possible  ccchanisas.  Eloarani  and  Bluae  (B5A  727, 
22)  shoved  that  prcton-h>droxide  peraeation  increased  tvo 
orders  of  aagnitude  when  lipid  bilayer  aeabranes  undervent  i 
phase  transition,  siailar  to  the  increase  in  water  perac- 
ability  under  the  saae  condltionst  Bluac  (Biochem.  22,5A36) 
has  deaonssrated  an  unexpectedly  high  eolar  heat  capacity  of 
hydrated  lipid  systcas  which  aay  result  froa  "hydrophobic 
hydration"  of  non-polar  regions.  Cutknechc  (Biophys.  J.  A5, 
64a)  found  th.it  proton/hydroxidc  conductance  in  planar  lipid 
aeabranes  is  aarkedly  decreased  when  water  activity  is 
reduced  by  glycerol  addition*  Significantly,  proton- 
hydroxide  conductance  varied  only  ten-fold  over  pH  ranges  of 
10  pH  units.  These  findings  suggest  that  both  protons  and 
hydroxide  ions  are  conducted  and  that  water  is  involved  in 
the  transport  process,  Nagle  and  Morovics  (PNAS  75,298) 
proposed  that  proton  e«)uivalents  aay  be  conducted  along 
h>drogen-bondcd  "proton  wires"  in  aeabranes,  and  Nichols  and 
Deaser  (P.s'AS  77,2038)  suggested  that  If  water  were  organized 
as  h/drogen-bonded  strands  vlthin  trsnslent  defects  in  the 
bllayer,  vlre-likc  conductance  would  provide  a  proton  pcrac- 
atlon  BcchanisB  not  available  to  other  ions.  We  arc  testing 
this  hypothesis  by  aeasurlng  changes  in  relative 
permeabilities  of  proton-hydroxide  and  other  lens  when 
hvdratcd  defects  arc  introduced  into  lipid  bilayer  aeabranes 
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MECHANISM  OF  ALLOSTERIC  REGULATION  OF  SARCOPLASMIC 
RETICULUM;  STUDIES  WITH  CO.NVENTIONAL  AND  PHOTOAFFINITY 
ANALOGS  OF  ATP.  F.  Norman  Briggs  and  Michael  B.  Cable, 
Deparceene  of  Physiology  and  Biophysics*  Virginia 
Coesonvcalch  University,  Richsond*  VA. 

The  ATP  analog  adcnyl  bethylene  dlphosphonatc 
(AMPPCP)  at  25,  SO  and  100  uM  concentrations; 

1)  stiaulaccd  the  ATPase  activity  of  the  Ca,  Mg-ATPase; 

2)  cospetitivcly  inhibited  the  velocity  of  EP  foraatlon; 

3)  inhibited  the  ATPase  activity  of  the  monoaerlc  form  of 
Ca*  Mg-ATPaso;  and  4)  like  AT?  scieulated  the  rate  of  EP 
decosposiclon.  These  results  can  be  explained  by  assuming 
cither  1)  active  sice  interactions  in  an  oligomer  or 

2)  that  AMPPCP  binds  to  the  active  site  after  ADP  departs 
and  stimulates  the  following  partial  reactions.  The 
observed  stoichiometric  relation  between  the  photoincorpo¬ 
ration  of  3*-0-(4-benzoyl)  benzoic  adenosine  triphosphate 
into  the  Ca,  K;-ATPase  and  ATPase  activity  is  compatible 
only  with  the  second  alternative  which  is  shown  below; 


E.AKPPCP  < - ►  E.PAMPPCP 

I  1 

£•*— >  EATP  «  ■■  ■  E.P 

I  I 

E^^. - J-E^P 
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STRUCTURAL,  MECHANiSTIC  AND  KINETIC  ASPECTS  Of 
VALINOMYCIN  AND  SYNTHETIC  CYCLlC{PRO-GLY)»  MEOI- 
ATEO  TRANSMEMBRANE  lON-TRANGPORT,  K.R.K.  Epswaran 
and  M.B.  Sankaram,  Molecular  Biophysics  Unit,  Indian  Institute 
of  Science,  Bangalore  560  012,  India. 

Detailed  invcsl’gatsors  on  the  solution  conformation  of 
valinomycin  complexes  with  a  variety  of  alkali  and  alkaline 
earth  cations  gave  very  Interesting  and  novel  conformations 
for  the  complex.  In  particular,  the  observalino  of  2:1  (ion* 
sandwich)  typo  complexes  indicates  that  a  relay  carrier  mecha¬ 
nism  might  be  operative  for  valinomycin  mediated  cation 
transport  under  certain  conditions.  Results  on  the  location 
of  volinomycin  in  hpid  vesicles  showed  that  valinomycin  is 
located  predominaatly  in  the  head  group  region  in  DPPC  vesicles 
and  penetrates  the  hydrophobic  core  in  OMPC  vesicles.  and 

NMR  studies  on  the  kinetics  of  Pr**  transport  across  DPPC 
and  DMPC  vesicles  mediated  by  valinomycin  and  synthetic 
cyclic  peptide  cvcIo{pro-gly))  showed  that  volinomycin  does 
not  transport  Pr'*  across  vesicles  while  cycIo(pro-gly)>  dees 
forming  a  hexamcric  pore.  These  results  are  explained  m  terms 
of  preferential  stoichiometry  of  their  cation  complexes,  sire 
of  the  cation  complex  and  relative  rate  for  the  venous  steps 
during  the  transport. 
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Cl“  TOANSPOR?  IN  APICAL  PLASMA  KEKBRAKE  VESICLES  ISOUTED 
raCW  BOVINE  TRACHEAL  EPTTHELrUM. 

J.E.LanpTidgo-Saiih  and  W,P,Dubln8ky,  Dept,  of  Zoology,  Uhlv. 
of  Edinbxxr^,  Vest  KAlno  Road,  Edinburg,  Scotland,  U.K.  and 
Dept,  of  Physiology  and  Coll  Biology,  TAilv.  of  Texas, 

Houston,  Texas,  U.S.A. 

Cl"*  transport  across  the  lusinal  border  of  bovine 
tracheal  epithelium  has  been  investigated  using  a  highly 
purified  propagation  of  apical  plasma  meabrano  vesicles. 
Transport  of  Cl"  into  an  Intravesicular  space  was  deaonst- 
rated^by  1)  a  linear  inverse  correlation  between  the  extent 
of  Cl"  uptake  andjsedlus  osaolarity  and  2)  complete  release 
of  accum^ated  Cl"  in  the  presence  of  detergent.  The  race 
of  Cl"  uptake  was  highly  tenporatxae-sensitivo  and  was  en¬ 
hanced  by  exchang:o  diffusion,  suggesting  a  mediated  trsw- 
port  mechanism.  Transport  of  Cl  was  not  affected  by  the 
"loop"  diuretic,  bumetanide  or  by  the  stilbene-derlvative 
anion  exchange  inhibitors,  SITS  and  DIDS.  In  tho  oresenco 
of  the  Impenseant  cation  tetrsmothylaaaoniua  (TKA'^),  uptake 
of  Cl"  was  minimal;  transport  was  stimulated  equally  by  the 
substitution  of  either  K'^  or  Na"^  for  TMA"^.  Addition  of 
valinomycin  to  tho  IT  modlw  further  enhanced  Cl"  uptake, 
while  s^loride  reduced  Na -stimulated  Cl"  uptake  towards 
tho  minimal  level  observed  with  TMA'^.  Ve  concludei  1)  the 
vesicle  membrane  has  a  finite  poxseability  to  both  and 
IT;  2)  the  membrane  pexmeabillty  to  the  medium  counterion 
detomlnes  the  rate  of  Cl"  uptake;  3)  Cl"  transport  is  not 
soecifically  coupled  with  either  Ha^  or  IT;  and,  finally 
1;)  Cl"  croeses  the  tracheal  liainal  membrane  via  an 
eleetrogonic  transport  mechanism. 
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PHYSICAL  PAmrWAYS  OF  RECEPTOR-MEDJ  \TLD  ENOOCYTv'SXSj  POST- 
IWTERNALIZATIOII  DYNAMICS  OF  LDL-CONTAINING  VESICLES 
D.  Cross  and  M.w.  Wobb,  School  of  Applied  and  Fn-jincering 
Phy«!ics,  Clark  Hall.  Cornell  University,  Ithaca,  NY,  USA. 

Single  rolecules-  of  the  fluorescent  analog  dxJ-LOL 
(Barak  and  Kebb,  J.  Cell  Biol.  1981)  are  visible  by 

fluorescence  microscopy.  We  have  studied  the  Intracellular 
dynamics  of  initially  rcceptor-bound  dH-LDL  contained  In 
endocytotic  vesicles  of  living  huaan  fibroblasts  from  the 
time  of  initial  intornalization  to  final  transport  to  tho 
perinuclear  lysoromal  ccaspartnent.  Real  tioo  Inage  intensi¬ 
fied  digital  video  microscopy  (Cross  and  Wobb,  Biophys.  d. 
^i215a,  2983)  enables  detection  in  real  time  and  analysis 
of  the  dynamics  of  molecular  positions  and  fluorescence  lu- 
tensities  of  drl-LDL  containing  structures. 

The  Internal  vesicles  containing  dil-LDL  aro  strikingly 
motile:  pairs  of  associated  vesicles  remote  from  tho  peri¬ 
nuclear  region  aro  often  scon  to  rotate  and  oscillate  about 
a  mutual  center  of  rautior.  Occasionally  a  pair  ts  observed 
to  fuse  after  vigorous  oscillation  —  tho  single  vosiclo 
which  results  continues  to  show  high  mobility  for  a  time 
after  the-  fusion.  Single  vesicles  on  fast  unidirectional 
saltatory  pathways  novo  at  about  1/2  ua/sec,  but  fast  uni¬ 
directional  transport  of  vesicle  pairs  ia  not  observed. 
Short  lived  (5  min)  linear  arrays  of  discrete  vesicles  aro 
observed  far  froa  the  nucleus  while  smaller  circular  or 
arced  arrays  are  often  seen  rear  the  nucleus.  We  dcaon- 
strate  that  the  transport  of  LDL-containlng  vesicles  is 
bloc)ced  near  the  plasma  membrane  by  tho  calmodulin-blocking 
drug  trifluoDorastnc.  Su&oorted  hv  urant  At-Atana 
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XXR  AS  A  TOOL  FOB  XONITORING  CETERGEDT  SOLUBILIZATIOS 
OF  SARCOPLASKIC  RETICULUM  MEMBRANES 
K.  and  P.  Cha&pell 

Service  de  BiophysiQuc.  C£K/Saclay,  Gif  sur  Yvette.  France 
Sarcoplasaic  reticulxta  vesicles  vere  solubilized  stcp*> 
vise  by  the  nonionic,  detergent  octae^ylcneglycol-aonodo- 
decylether  "^^P  WtP  enabled  the  extent  of  phospho¬ 

lipid  solubilization  to  be  eonltored  by  following  the 
conversion  of  the  broad  resonance  peak  characterizing  the 
phospholipids  inserted  in  the  bilayer  to  the  narrow  reso¬ 
nance  signal  characterizing  phospholipids  inserted  into  a 
nixed  nicellc.Vhen  0.25  g  protein  was  added,  no 

peak  characteristic  of  solubilized  phospholipid  appeared. 
For  bi^er  detergent  concentrations  the  spectrua  shows  the 
superposition  of  new  peaks  characteristic  of  phospholipids 
in  aixed  cicelies.  Cosparison  with  standard  lipids  solubi¬ 
lized  under  the  saae  conditions  allowed  assignaenc  of  the 
peaks  to  phosphatidylcholine,  phcsphatidylethariolaalnc  and 
phosphatidylinositol .  Solubilization  was  virtually  coeple- 
te  for  l.&-2g  detergent/g  protein,  a  proportion  coaaonly 
used  for  ATPase  solubilization.  High  levels  of  C..E.  gave 
spectra  with  enough  resolution  to  allow  quantificatfon  of 
the  percentage  of  each  individual  phospholipid.  The  values 
ceasured  were  in  good  agreeaent  with  previous  analyses  of 
Sk  phospholipids.  Although  the  eethod  allows  to  aonltor 
the  extent  of  solubilization  of  individual  phospholipid 
classes,  there  was  no  evidence  of  either  preferential 
solubilization  or  retention  of  a  specific  class  of  phospho¬ 
lipids. 


129 

CHLOkXDC  TRANSPORT  AND  ACCUMJIATION  ZN  ZSOLAtEO  HU.h\S 
NEUTROPHZZ^ 

L,  Siachowltz  and  P.  De  Wear.  Departaents  of  Midleine 
and  Physiology  and  Biophysics,  Washington  University 
School  of  Midlcine,  St.  Leuls,  Missouri,  USA. 

Chloride  aoveoents  in  huaen  neutrophils  were  studied  by 
cheaical  analysis  and  with  ^^Cl.  Neutrophils  bathed  in  148 
bH*C1  oedla  accusuUte  Cl  to  '*80  aeq/llter  cell  water,  four 
tlses  higher  than  the  expected  passive  distribution  (resting 
potential  —53  aV)«  Aecuaulation  is  caused  by  a  oetabollsa- 
dependent  xMChanlsa  which  Is  independent  of  Na^,  has  a 
I^(Cl)  «  S  oM  and  «  0.2S  aeq/llter  cell  vater.aln,  and 
is  Inhibited  by  ethacrynate  (K^  *  SO  m«)i  furosealde  (K^  « 

SO  pH),  and  a-cyano«4«hydroxyelnnaaate  (CHC;  Kj  *  l»7  aH)« 
Nat  diffusion  froa  the  cell  occurs  through  a  low- 
peraeablllty  pathway  IPqi  «  4  x  10*^  ca/#j  g^.^  »  1  pS/ca^) 
that  shows  evidence  of  single-filing:  the  flux  ratio 
plot  Is  steeper  than  predicted  by  Ussing's  equation,  and 
one-way  passive  efflux  is  Inhibited  by  external  Cl,  The 
bulk  (•’70%)  of  the  one-way  ^^Cl  fluxes  In  steady-state  cells 
represents  electrically  silent  Ci:ci  exchange  oedlated  by  a 
carrier  Insensitive  to  dlsulfonic  stllbenes  but  coopotl- 
tively  inhibited  by  CHC,  which  will  carry  other  anions 
including  p-aalnohlppucate  (PAH).  In  cells  with  (ClJj  •  80 
aM,  iho  carrier  exhibits  w  i.2  aeq/llter.oln,  K-,(Cl)  * 

S  bM,  r^(PAH)  «  45  aM,  K£(CHC)  »  0,3  aM.  The  three 
neehanisos:  active  transport,  electrodiffusion,  and  carrler- 
aediated  exchange,  account  for  the  total  one-way  fluxes 
observed.  Supported  by  the  Veterans  Adalnistration  and  NIH 
grant  NS11223. _ 
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EVIDENCE  FOR  A  TW-FOLD  (O,)  AXIS  OF  SYWETRY  RELATING 
SUBUNITS  OF  THE  HUHAN  ERYTHROCYTE  ANION  EXOIANGE  CHANNEL, 

J.  V.  Staros.  Vanderbilt  University,  Dept,  of  Biochemistry, 
School  of  Medicine,  Nashville,  TN  37232,  U.S.A. 

_The,anfon  exchange  channel  {band  3)  is  responsible  for 
HCOjzCl  exchange  across  the  erythrocyte  meobrane  and  thus 
for’^the  transport  of  CO-  (as  HCO3)  by  the  erythrocytes  to  the 
lungs.  This  structure  is  con^osed  of  two  or  nore  band  3 
subunits,  each  of  which  is  a  transoestrane  glycoprotein,  the 
polypeptide  portion  of  which  traverses  the  membrane  several 
times.  have  reacted  our  new  fflecibrane-1n{)erffleant  cross¬ 
linkers  with  intact  human  erythrocytes  and  have  found  that 
cross-links  thus  introduced  into  the  extracytoplasmic  domain 
of  the  anion  exchange  channel  result  in  a  high  yield  of 
dimers  of  band  3  subunits  and  in  nc  detectable  higher  oligo¬ 
mers.  Treatment  of  urunodifled  erythrocytes  with  chyinotryp- 
sln  results  in  a  single  cleavage  of  the  band  3  polypeptide  in 
the  extracytoplasmic  domain,  yielding  two  fragments  of  dis¬ 
tinct  H  .  Successive  treatment  of  intact  erythrocytes  with 
a  nembrane-iopenaeant  cro»s-linker  followed  by  chyootrypsin 
yields  cross-linked  chymotryptic  fragments  of  band  3,  All 
of  the  interfragment  cross-links  identified  are  between 
unlike  fragments,  whether  the  cross-links  are  Intersubunit 
or  Intrasubunit.  These  data  are  consistent  with  a  "closed* 
diner  of  band  3  subunits  related  by  a  two-fold  (C-)  synnetry 
axis  normal  to  the  plane  of  the  membrane  but  notNith  other 
models  in  which  four  equivalent  subunits  are  related  by  a  C. 
axis  or  in  which  band  3  subunits  associate  into  "open* 
front-to-back  dimers  and  higher  oligomers.  [Supported  by 
NIH  grants  AH318eO  and  AH25489.] 
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ROTASSIUH  AND  OUABAIN-SENSITIVE  ENERGY  UTILIZATION  BY 
CRAYFISH  GIANT  AXONS.  E.H.  Lisberraan  and  0.  Pascarella, 
Physiol.  Eas‘  Carolina  u7bch.  Med.,  Greenville,  NC  U.S.A. 

Axons  equilibrated  in  various  [K]-  maintain 
constant,  adjurting  Na:K  transport  "couptlng*  in  coepensa- 
ticn  for  differi.'T  electrochemical  gradients  (Lieberman 
(1,2)).  This  observation  led  to  the  hypothesis  that  high 
energy  phosphate  utilization,  V(  P),  should  directly  vary 
with  the  product  of  the  Na  and  K  electrochemical  gradients 
and  ionic  conductances,  not  with  the  absolute  This 

study  was  undertaken  to  directly  measure  steady-state  V  of 
ATP  and  Arginine  Phosphate  (^G-P)  by  axons  under  the 
influence  of  [K]q  and  Ouabain  (3).  [K]^  did  not  influence 
total  V(  P)  of  the  axon.  For  [K]q  between  0.5  and  21.6  mH 
y{  P)  averaged  52.8  1.  4.7  %/hr.  (nB44)  of  the  initial 
(ATP+ARG-P].  Unlike  total  V(  P)  the  ouabain-sensitive 
component  is  markedly  influenced  by  Following  equili¬ 
bration  of  the  axon  in  0.5  mH  K  ouabain  poisoning  decreases 
V{  P)  to  8X/hr,  ie,  85!C  of  the  energy  consumed  by  the  cell 
is  used  for  Nd:K  exchange  transport.  For  1.3S  mH  K  V(  P) 
after  ouabain  poisoning  is  18</hr.;  at  S.4  mH  K,  29</hr.;  at 
13.5  mH  K,  31X/hr.  The  pattern  of  V  (  P)  as  a  function  of 
[K}q  is  similar  to  its  effect  on  the  sum  of  the  Na  and  K 
electrochemical  gradients  (2),  The  data  are  consistant  with 
the  hypothesis  that  the  transport  system  of  cells,  in  the 
steady-:»tdte,  responds  to  the  electrochemical  gradient 
against  which  it  transports  ions  and  not  necessarily  to  the 
absolute  [K]-.  (1)  Europ  J.  Physiol.  366:  195  (1976);  (2) 

EJP  378:  243  (1979);  (3)  Anal.  Bioch^  134:  413  (1983). 
Supported  by  NSF  INT  8117183  and  ARO  0AAG29^-K-0182. 
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MECHANISTIC  STUDIES  6N  THE  ANION  ERYTHROCYTE  TRANSPORT 
PROTEIN,  BAND-3 

R.J.  Pace.  Research  School  of  Cheai.>try,  Australian  National 
University,  Canberra,  A.C.T.  Australia. 

NMR,  Transverse  Tj  relaxation,  has  been  used  to 
study  substrate  binding  to  the  protein  in  washed  Dembranes 
and  detergent  solubilised  form.  At  least  two  residues 
(lysine  and  arginine)  have  been  identified  as  contributing 
to  anion  binding.  Reaction  of  leak)  red  cell  aeabrancs 
with  lysine  specific  reagents  (1  fluoro-2,4  dinltro-bentcne, 
4,4‘-dlisothiocyano-5tilbeno-2,2'disulphenate  (OIDS))  or 
the  arginine  reagent,  1,2,  cyclo-hexanedione  completely 
eliminates  high  affinity  transport  related  chloride  gindlng. 
The  lysine  site  is  accessible  to  the  non  permeable  DIPS 
reagent  only  froa  tho  outside.  Studies  on  sealed  systems 
have  shovm  that  the  argcninc  site  is  accessible  mainly  from 
the  inside.  To  exaaine  the  possible  involvement  of  internal 
salt  bridges  in  tho  transport  mpchanism,  the  effects  of  the 
soluble  carbodiiaido  EDC  (l-cthyl-3(3-dincthylaoinopropyl) 
carbodiimide)  on  Cl  binding  were  determined.  EDC  treatment 
docs  not  affect  Cl  binding  but  EDC  plus  exogenous  amines 
create  a  new  class  of  Cl’  binding  sites.  Cel  patterns 
suggest  that  any  internal  crosslinking  induced  by  EDC  Is 
occuring  within  either  of  the  two  major  membrane  spanning 
fragments  of  tho  momomer  protein. 
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THE  USB  OF  AND  *^P-NHR  TO  INVESTIGATE  THE  PKR.MEAB1EITY 
MECHANISMS  INDISCED  BY  PHOSPHOLIPASE  AND  BILE  SALTS  IN 
PHOSPHOLIPID  LIPOSOMAL  MEMBRANES. 

G.R.A.  Hunt,  l.C.  Jones,  J  EVans  end  C,  L.  Lockyer 
Department  of  Science,  Tho  Polytechnic  of  Wales, 

Pontypridd  Cf37  IDL,  UK. 

The  increasing  use  of  lipcsomos  as  drug  delivery  systems 
by  the  oral  and  Intravenous  route  indicates  a  need  for  the 
development  of  biophysical  methods  to  study  tho  interaction 
of  the  liposomal  mcobranos  with  physiological  fluids.  The 
principal  challenge  to  the  integrity  of  phospholipid 
vesicular  necbrancs  in  the  digestive  tract  is  the  presence 
of  phospholipase  enzymes  and  the  bile  salts.  We  have 
therefore  used  *H  a-id  **  P-NM*<  spectroscopy  of  unilamellar 
phospholipid  vesicles  to  study  their  permeability  to  the 
probe  ions  Dy**  and  Pr**  induced  by  pancreatic  phospholipase 
A,«  and  the  bile  salts  glycocholate  and  glycodcoxycholato. 

The  *H-N.VR  spectra  of  vesicles  deac^istratcs  a  marked 
synergism  in  tho  cooblncd  effects  of  these  digestive  agents 
and  indicate  that  the  products  of  enzyme  hydrolysis  (lyso 
lipid  and  fatty  acids)  are  Involved  in  thu  permeability 
mechanism.  Experiments  using  *^P-N,MR  reveal  in  detail  the 
role  of  transmembrano  lipid  exchange  and  the  bile  salts  in 
producing  transport  mcchanlsas  across  the  liposomal  bllayer. 

These  results  will  be  discussed  In  terms  of  the  advantages 
of  the  use  of  i»mr  techniques  In  the  future  design  of 
llposocQcs  and  In  our  undertundlng  of  the  interaction  of  bile 
salts  with  cell  mcebranos  lining  the  digestive  tract. 


292 


Friday  03  August  Congress  Centre-First  Floor  Posters  133-138 

Posters  on  Mechanisms  of  Transport  Across  Membranes 


133 

THE  METASTABILITY  OF  BACIERiORHODOPSXS:  A  HECHASISH  FOR 
PHOTOINDUCED  TRANSLOCATION  OF  PROTONS  IS  THE  PURPLE  MEMBRANE 
J.E.  I)rahrin»  S.J.  Gibson,  S.C.  Hansel  and  J.T,  Cassia, 
Dcpartacnt  of  Microbiology,  The  Ohio  Ssatc  University, 
Coluabus,  Ohio  43210*  U.S.A. 

Solid-state  protonic  scaiconduceor  aodcls  say  appear  at 
first  glance  to  be  the  cost  attractive  scans  explaining 
the  phen^enon  of  photoieduced  vectorial  proton  translocation 
in  the  purple  secbranc,  since  this  ae&brane  seeas  to  be  void 
of  pcrsar.enc  transacabrane  channels  and  Its  sole  protein, 
baccerlorhodopslo.  Is  highly  helical  in  structure.  However, 
recently  Cassln  and  covorkers  have  shown  that  this  protein 
is  structurally  sccastablc  and  undergoes  reversible  large- 
scale  global  structural  changes  during  the  phococycle.*  Two 
inportanc  consequences  of  these  changes  arc  (1)  crystal 
lattice  distortions  of  the  scsbrane,  and  (2)  a  net  tilting 
of  the  polypeptide  segments  of  the  protein  away  froa  the 
netsbranc  norsal.  These  structural  dcforsatlons  should 
encourage  the  foraatinn  of  pulsating  transscsbrane  channels 
norsal  to  the  eesbranc  plane  and  provide  the  driving  force 
and  direction  for  active  proton  trarslocetion.  Clearly, 
dcforsatloii  sodels  of  this  kind  provide  a  such  tiorc 
universal  scans  for  active  transport  in  aosbrancs  than  the 
solid  state  ones,  since  they  possess  the  potential  for  the 
cranslocatlo''  of  other  ions  than  protons  as  well  as  saall 
nolccules. 

*  Draheln,  J.E.,  N.J.  Gibson,  and  J.T.  Cassia.  1983. 

Photochea.  Photobiol .  37!S54. 
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INTERACTIONS  BCIVCEN  HONOVALEhT  AKD  DIVALENT  CATIONS  IN 
ACTIVATING  THE  Na.K-ATPase-  Joseph  D.  Robinson.  Dept. 
Pharaaeology,  SUNY  Upstate  Madical  Center,  Syracuse,  NY, 

USA 

For  the  K-phosphatase  activity  catalyzed  by  the  NaiX- 
ATPase,  divalent  cations  are  required  and  added  K  earkedly 
stleulates.  With  3&M  Kg  activity  In  the  absence  of  added  Y 
is  only  2Z  of  that  with  lOaM  K,  and  declines  as  Hg  is 
increased*  With  either  ltd  Mn  alone  or  l&H  Ca  plus  3cs3 
Kg  activity  in  the  absence  of  added  K  is  10-152  of  that 
with  3aM  Mg  end  lOaH  K,  but  also  declines  at  higher  Mn  or 
Ca  concentrations.  The  ,  for  R  as  activator  is 
increased  by  all  3  divalenf  cations*  With  lOaM  K,  Na 
inhibits.  The  K.  is  decreased  (coapared  to  that  with  3cM 
Kg)  by  adding  ltd  Ca  but  increased  when  led  Mn  is 
substituted  for  Kg.  Oligoaycin  inhibits  activity  with  3c.H 
Kg  plus  ltd  Ca  in  the  absenc**  of  K,  and  also  activity  with 
Kn  in  the  absence  of  K«  These  data  are  lnterpr*ted  as: 
activity  depends  on  the  E^.fora  of  the  enzycMi  the 
ratio  is  Increased  by  Kg  of  Hn  and  decreased  by  Ca  through 
occupancy  of  divalent  cation  (DC)  sites;  activity  also 
requires  occupancy  of  eonovalent  cation  (HC)  sites  at  which 
K  stisulates  Optiaally,  Mn  and  Ca  less  veil,  Kg  and  Na 
poorly  if  at  all.  Thus  Ca,  stisulates  at  the  KC  but 
inhibits  at  the  DC  sites,  and  augsents  Na-inhlb!tlon  by 
favoring  E  •  Kn  stisulates  at  both  and  disinishes 
Na-inhibitxon  by  favoring  E^,  but  why  it  also  Inhibits  at 
higher  concentrations  is  unclear*  (Supported  by  USPHS 
grant  NS05430*) 
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FURTHER  EVIDENCE  FOR  THE  PHOXOINDUCED  POLYPEPTIDE  TILTING 
PHENOMENON  IN  THE  BACTERIORHODOPSIN  OF  THE  PURPLE  MEMBRANE 
X.J.  Gibson  and  J.Y.  Cassia,  Dcpartsenc  of  Microbiology,  The 
(Hilo  State  University,  Colu^us,  Ohio,  USA 

(^parative  circular  dichroisa  spectra  of  oriented 
fllas  of  bleached  and  crorsXinked-then-bleac::ed  purple 
caebrane  were  studied  in  order  to  better  understand  the  role 
played  by  tertiary  structure  changes  in  the  photocycle  of 
the  baeteriorhodopsin  of  the  purple  aeabranc.  Cassia  and 
covorkers  have  previously  used  this  oriented  fila  technique 
to  study  the  bleached  and  the  photointeraediate  M-412  states 
o^  the  purple  acsbrane.*  These  studies  have  strongly 
Indicated  the  possibility  of  photoinduced  net  tilting  of  the 
helical  polypeptide  segsents  of  the  baeteriorhodopsin  avay 
froa  the  aesbrane  noraal.  The  results  of  the  present  study 
are  in  accord  with  enhancesent  of  the  clltine  phenoaenon 
after  crosslinking.  Furtheraorc,  it  has  been  shown  previ¬ 
ously  that  £he  nrocou  translocation  efficiency  is  increased 
after  crosslinkirg.  Therefore  two  conclusions  can  be  drawn 
froa  these  findings:  (1)  the  protein  Is  aore  dclicatelv 
fi&etastable  than  previously  suspected  and  (2)  tilting  of  the 
polypeptide  segsents  is  an  essential  feature  of  the 
photocycle.  This  supports  the  pulsating  channel  aodel 
proposed  by  Cassia  and  covorkers  for  the  photoinduced 
proton  translocation  process  of  this  acabrane.** 

•  bacclo,  D.D.  and  Cassia,  J.Y.,  Biophys.  J.  26.  427  (1979) 
**  Draheia,  J.E.,  Gibson,  N.J.  and  Cassia,  J.Y.,  Photochea. 
Pflotobiol.  S54  (1983) 
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ELECTRICAL  AND  MECHANICAL  EVENTS  RELATED  TO  THE  OE- 
SENSITIZATION  OF  THE  ISOLATED  GUINEA-PIG  TAENIA 
COLI  TO  ANGIOTENSIN  11.  S.l.  Shiputa,  A. T. Ferreira, 
R.P.  Markus*,  A.C.H.  Pawa  and  i.s.  Paiva.  Oepart- 
nent  Biophysics  and  *Departraent  of  Pharmacology, 
Escola  Paul ista  de  Medicina,  Sao  Paulo,  S.P.,  Brazil. 

Angiotensin  11  (All)  and  its  analogues  contan- 
ing  a  guamdo  group  in  the  position  Z  side  chain 
and  a  protooated  N-terninal  anino  group  (suen  as 
All  and  Sar'-AII)  induced  desensitization  in  the 
taenia  coH.  The  phenomenon  was  characterized  by 
lack  of  full  relaxation  after  removal  of  the  ago¬ 
nist,  and  decreased  (or  abolished)  response  to  the 
second  administration  5  nin  after.  Simultaneous 
electrical  recording  (double  sucrose  gap)  showed 
that  the  prolonged  contraction  was  due  to  depolari¬ 
zation  which  persisted  after  removal  of  the  agonist. 
During  this  phase  the  electronic  potential  was  di¬ 
minished  indicating  Increased  membrane  conductance. 
By  reducing  Na  concentration  of  the  medium  a  fast 
relaxation  was  observed  upon  removal  of  the  agonist 
with  full  repolarization.  Nevertheless  a  new  addi¬ 
tion  of  Sarl-AII  did  not  induce  depolarization  or 
contraction.  He  concluded  that,  in  the  taenia  coli 
the  mechanism  responsible  for  desensitization  is 
related  to  alterations  in  the  receptor  or  in  the 
receptor-operated  ionic  channels  and  is  not  depen¬ 
dent  on  membrane  potential. 
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CALCIUM  FLUXES  ACROSS  MEMBRANES  OF  HUMAN 
NEUTROPHILS  OBSERVED  UITK  QUlN-2. 
^-.MSC.IfiGtlSCQSCf  Theodor  Kocher  Institute, 
University  of  Berne,  CH. 

Neutrophils  arc  known  for  thoir  capability  to 
kill  invading  microorganisms  by  phagocytoses 
and  enzyme  secretion.  Their  stimulation  tn 
closely  linked  to  changes  in  cytosolic 
calcium.  Human  neutrophils  have  been  prepared 
from  blood  by  centrifugation  in  a  percol 
gradient.  Quin-2,  a  fluorescent  calcium 
chelator,  penetrates  the  neutrophils  in  its 
esterificd  form  and  is  trapped  there  after 
hydrolysis  by  esterases.  The  fluorescence 

change  accompanying  hydrolysis  inside  the  coll 
reflects  the  esterase  activity  and  the  cell 
loading  process.  The  calcium  fluxes  into  and 
out  of  the  cytosol  are  also  moniturcd  by  the 
quin-2  fluorescence  change.  Wo  have  calculated 
the  competing  effects  of  cytosolic  calcium 
binding  sites  with  the  chelator  quin-2. 

Measurements  of  the  calcium  fluxes  for 
different  degrees  of  qiiln-2  loading  and  at 
various  internal  calcium  levels,  allowed  us  to 
determine  thri  concentrations  of  cytosolic 

calcium  binding  sties  and  an  average  binding 
constant  for  calcium  inside  the  cytosol. 
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THE  EFFECT  OF  MELITTIN  ON  THE  ROTATION  OF  BACTERIORHODOPSIN 
IN  OMPC  VESICLES. 

K.S.  Hu,  M,).  Dufton,  R.J.  Cherry,  Department  of  Chemistry, 
TRntmity  of  Essex,  Hivenhoe  Park*  Colchester,  Essex,  U.K 

RoUtional  diffusion  measured  by  the  technique  of  flash 
-induced  transient  linear  dichreism.  In  the  presence  of 
melUtin,  a  Z6-re$idue  peptide  from  bee  venom,  a  dose- 
dependent  loss  of  rotational  mobility  was  detected.  In  the 
case  of  acetylatcd  melittin,  the  effect  is  less  than  with 
native  melittin.  With  succinylated  melittin,  the  loss  of 
rotational  mobility  can  be  found  only  at  relatively  hich 
concentration. 

A  mechanism  is  proposed  in  which  melittin  is  anchored 
in  tne  membrane  by  its  hydrophobic  N-tenainus,  while  its 
cationic  C-teminal  moiety  binds  to  negatively  charged 
residues  on  baeteriorhodopsin  molecules.  This  leads  to 
protein-protein  aggregation  and  hence  loss  of  mobility. 
Alternatively,  melittin  could  induce  protein  aggregation 
indirectly  by  changing  the  physical  State  of  the  lipids. 

This  seems  less  likely  in  view  of  the  weak  effect  of 
succinylated  melittin  compared  with  native  melittin. 
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eOSFHOllPASE  D  PRODUCES  INCREASED  CELl  SURFACE  Ca-BINOINC 
AND  POSITIVE  INOTROPY  IN  RAT  HEART.  l.M.  Butt.  T.l.  Rich  »nd  G.A. 
Langcr.  Dept,  of  Phy)k>Iogv.  University  of  California^  Los  Angeles^  Caltf., 
USA. 

Sarcoltmmal  anionic  phospholipids  represent  potential  Ca^^-btndng 
sites  Mhich  may  be  important  in  cardiac  contractility.  If  anionic 
phosphoIifM  Ca**'binding  does  influence  cardiac  oontractZity^  then  an 
increase  In  the  number  of  anionic  phospholipid  sites  In  the  saroolemma  may 
lead  to  increased  Ca^^-bindmg  and  an  inotropic  response.  To  test  this 
hypothecs  we  treated  cdtured  neonatal  rat  myocardial  cells  mth 
FhMpholipase  D  (PLD),  an  enzyme  which  converts  membrane  pho^iholipids 
to  phosphatidic  acid.  We  then  compared  celliiar  **Ca  uptake  and  birsdmg 
and  cell  contractility  from  before  PLO  treatnwnt  to  that  occurring  after 
treatment.  PLD  treatment  (37'C«  SOmln)  resdtcd  in  an  increase  of  i9X  to 
Ca>uptake  or  1.6  :  O.T  rrmofe/kg  dry  weight.  As  observed  in  untreated 
celts,  76%  of  the  exchangea^e  Ca  remained  La**  displaceable.  The 
quantity  of  Ca  displaced  by  Iblymyxin  B,  a  drug  which  displaces  Ca 
preferentiallv  from  anionic  (^lo^holipid  sites,  increased  by  dSX  following 
PLD  treatment.  Electrical  activity  of  the  cells  following  PLD  treatment 
was  not  altered.  In  ventriciiar  strips  of  neorutal  rat  muscle,  measurement 
of  contractility  revealed  a  1.7  -  2.S  fold  Increase  In  contractile  activation 
as  a  resiit  of  PLD  treatment.  Similar  effects  were  observed  in  the  ciitured 
cells.  Thus  PLD  treatment,  whicn  Is  expected  to  increase  the  quantity  of 
negatively  charged  phosphatidic  acid  in  the  membrane,  resiited  In  an  8SX 
increase  of  anionic  pho$^lipid*bo(x>d  Ca  and  concomitantly  resiited  in  a 
significant  increase  in  contractility.  Supported  by:  USPilS  grants: 
F^28599-01,  the  Castera  Endowment  and  Am.  Heart  Assoc.  Greater  Los 
/ngeles  Affiliate  grant  6S2>F2. 
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RECONSTITUTION  OF  Na.K.Cl-COTRANSPORTER  AND  A  BA¬ 
RIUM  SENSITIVE  K-CHANNEL  FROM  LUMINAL  MEMBRANES  OF 
RABBIT  OUTER  RENAL  MEDULLA 

Charles  E.  Burnham,  Peter  L.  Jdrgensen*  and  Steven  3.D.  Karlish, 
Biochemistry  Department,  Weizmann  Institute  of  Science,  Rehovot 
76100,  Israel  and  •Institute  of  Physiology,  Aarhus  University,  8000 
Aarhus  C,  Denmark. 

Potassium  (SOrb)  fluxes  have  been  measured  In  crude  membrane 
fractions  from  outer  renal  medulla.  By  measuring  uptake  of  ^%b 
against  a  large  opposing  d^emical  gradient  of  K*-ions  the  isotope 
was  accumulated  allowing  a  very  sensitive  detection  of  either 
channel  or  carrier  mediated  transport  processes.  Three  cation 
transport  systems  were  detected:  a)  the  furosemtde  inhibited 
Nd,K,Cl*cotfahsporter,  b)  the  barium  inhibltable  K-channel  and  c) 
the  ouabain  sensitive  Na,K-pump.  After  centrifugation  on  metriz- 
amide  gradients,  fractions  enriched  in  luminal  membrane  vesicles 
containing  the  Na,K,Cl-cotransportef  and  K-cbannel  and  basolateral 
membrane  vesicles  containing  the  Na,K«pump  were  separated  from 
the  bulk  of  contaminant  protein.  In  the  luminal  vesicles,  potassium 
(«oRb)  transport  through  the  Na,K,C!-cotransporter  was  stimulated 
by  sodium  and  inhibited  by  bumethanidc. 

For  reconstitution,  luminal  membranes  were  solubilized  by  octyl- 
glucosidc  with  soyabean  lipid  and  passed  over  Sephadex  columns  thus 
forming  j^osphollold  vesicles.  In  these  vesicles  furosemide  or 
barium  inhlbitable  ®^Rb«fk'xcs  were  detected  suggesting  that  both 
the  Na,K,CI*cotransporter  and  the  K-channel  hao  been  reconstituted 
in  a  functional  state. 
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The  Structure  of  Craalcidln  TTansaenbrane  Channel,  8. A. 
Wallace,  Departaent  of  BlocheaUtry,  Coluabia  Wilverslty, 
New  Tork,  N.Y.,  USA. 

Spectroscopic  and  diffraction  studies  of  graaicidin  A 
have  provided  inforaation  its  conforaatlon  and  organiza¬ 
tion  and  on  structural  changes  in  the  Bolecule  which 
accoopany  cation  binding.  KHR  spectroscopy  (PNAS  76,  4230 
1979)  provided  the  first  direct  physical  evidence  that  the 
channel  conforcation  in  phospholipids  an  N-to-N  terolnal 
dlaer  of  helices.  Circular  dichroisa  spectroscopy 
(Biocheais^ry  20,  5754  1981)  deaonstrated  that  Us  struc¬ 
ture  In  bilayers  is  different  than  its  structure  in  a 
variety  of  organic  solvents.  Ion  binding  also  affects  the 
arabrane-tound  and  organic  solvent  forns  of  the  nolecule 
differently  (Blopolyaers  397  1983)  ■  In  aeebranes,  the 
dicer  is  insensitive  to  nonovdlent  caticis,  whereas  in 
organic  solvents,  the  cations  apparently  stabilize  a 
helical  conforaatlon  of  opposite  hand  and  different  pitch 
froo  that  which  prvdoainates  in. solution.  Crystals  of  a 
graalcldin/C$^  soaplex  have  been  prepared  (Ann.  N.T.  Acad, 
Sol.,  in  press).  A  1.8  A  aap  has  been  calculated  using 
single  wavelength  annoaalous  scattering  for  phasing.  This 
aap  reveals  the  helical  structure  of  the  soiecule  and  the 
cation-binding  sites  (Wallace  and  Hendrickson,  unpublished 
results).  Co-crystals  of  graaicidin  and  lipid  have  also 
been  prepared  which  diffract  to  high  resolution  and  have 
the  graaicidin  in  its  neabrane-bound  channel  conforaatlon, 
as  shown  by  Raaan  spectroscopy  (Biopolyaers  397  1983), 
Data  collection  on  this  crystal  fora  is  currently  under¬ 
way.  Supported  by  NSF  PCK  60-20063.  82-15109*  and  NIH  CM 
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SY>mi£SXS  AM)  CONFORKATiaXAL  STUDY  OF  BCC-U1£U(I^!£U-CLY).. 
.08s  IK  SOUrriO.K  A.ND  IK  SOUD  STATE  ^ 

M,  D’Alagni.  and  M.  Huilgrasso^Ccntm  Studio  Chiaica  Rccettorx 
e  dclle  Molecole  Biologlcaacnte  Attlvc,C.S.R.>Rcaa  and 
Dipartinento  di  Chiaica,  Uiivcrsita  di  Rcoa  "La  SapiCRsa",Roea 
P.le  A.  Moro,n.5  »  Italy 

A  sequence  of  glycine  residues  alternated  with  non  polar 
aaino  acid  residues  is  invariably  present  in  the  aiddlc  por 
txon  of  the  polypeptide  chain  of  soee  aeabranc  proteins  of~ or 
ganisas  very  distant  in  the  evolutive  scale.  This  has  sticula 
ted  the  interest  in  the  synthesis  and  confotsational  study  of 
6oc-L-Lcu(I/-Leu-Gly)..OBs  .The  undecapeptide  synthesis  was  ac 
cceplxshed  via  DCCD  nethod.  The  conforsational  study  of  the 
oligopeptides  was  carried  out  using  circular  dichroisa  >uv  an 
1  xr  spectra.  The  conforcation  in  solution  was  exasined  xn  tri 
f luorocthanol(TFE) , hexafluoroxsopropanol(KFlP) , hexaf luoroacet 
>ne  trihydrate  (HFA)  and  &ethanol(KeOH)  •  CD  and  uv  spectra  xn 
TFE  showed  a  change  frea  unordcred  to  ^  structure  with  incr 
casing  peptide  length.  The  onset  of  ^  structure  was  found  be~ 
tween  the  pentaser  .and  the  hexaeer.  In  HFA  all  the  oUgopepti 
des  are  essentially  xn  an  unordei'cd  conforaatlon  whereas  in 
McOH  the  foz^tion  of  associated  species  Is  favoured.  Final 
ly,CD^^vidcnccs  revealed  in  TFE  -  water  solution  the  binding 
of  Ca  to  cptaptptidc  and  undecapeptide  with  the  occurrence 
of  a  contcBporancous  confoziaational  change  • 
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RELATIONSHIP  BETWEEN  CATALYTIC  ACTIVITY,  STABILITY, 
PHOSPHOLIPID  CONTENT  AND  ACCREGATIONAL  STATE  OF 
SOLUBILIZED  Ca‘^*-ATPase  OF  SARCCPUSMIC  RETICULUM. 

D.B.  KeIntosh  and  D.  Ross,  MRC  Bxoeeisbrane  Research  Unxt/ 
Departaent  of  Che&leal  Pathology,  University  of  Cape  Tc*m 
Kedxcal  School.  Cape  Town,  South  Africa. 

The  effect  of  Increasing  concentrations  of  Triton 
X-lOO  on  catalytic  activity,  stability,  phospholipid  con¬ 
tent  and  aggrcgatlenal  state  of  solubilized  Ca^*-ATPase 
of  sarcoplasnlc  reticulun  has  been  Investigated.  In  the 
O.l  to  0.25X  (w/v)  range  at  fixed  solubilized  ATPase 
concentration  (0.4  ng  proteln/nl)  Triton  X«K*0  activated 
ATP  hydrolysis  two  fold.  Higher  concentrations  of  the 
detergent  resulted  In  50*  inhibition.  Thernal  inactiva¬ 
tion  of  catalytic  activity  in  excess  LOTA  at  ?5*C  was 
aonophasic  and  first  order  at  all  concentrations  of 
dete*'gcftt.  The  rate  constant  for  inactivation  lncp»'ased 
sxgeoidally  to  a  naxlraun  value  at  Triton  X-100.  The 
aggregatlonal  state  of  the  solubilized  ATPsse  was 
assessed  bv  glutaidehyde  crossUnking  and  by  ultracentri- 
fugatlon.  Both  nethods  indicated  that  the  solubilized 
enzyne  changed  froa  an  aggregate  to  a  oononer  In  the  O.l 
tc  0.25%  Triton  X-lOO  range.  Tlie  phospholipid  content 
changed  fron  about  60  to  20  ©ol  phospholipld/rwl  ATPase; 
higher  detergent  concentrations  displaced  all  the  ohos- 
pholipid.  These  results  indicate  that  Triton  X-lOO  can¬ 
not  substitute  for  phospholipids  In  maintaining  a  stable 
native  structure  of  the  ATPase  and  suggest  that  protein- 
protein  int*»ractloris  inhibit  catalytic  activity. 

_ 

THE  EFFECT  OF  POLYMERIZATION  ON  THE  PERMEABILITY 
OF  BLACK  LIPID  MEMBRANES 

R.  Benz  ,  W.  Prass  and  H.  Ringsdorf,  Instltut  fUr 
Organlsc.he  ciTcnle,  Johannes  Gutenberg-Unlverslt&it 
Mainz  FRG  and  FakuUat  fOr  Biologic,  Unlverslt^t 
Konstanz  FRG 

Polymerization  of  lipids  has  been  reported  to 
increase  the  stability  of  nonolayers  as  well  as  of 
liposones.  However,  attempts  to  polymerize  black 
membranes  have  resulted  only  in  the  d'^^truction  of 
the  nenbranes. 

We  ri'-A'  describe  the  polymerization  of  a  llplo 
ccntaini  o  butadiene  moiety  as  the  polymeriz^bie 
group.  In  this  case  polymerization  in  the  blac.. 
roenbrano  yields  membranes  displaying  increased 
stability. 

To  prove  that  polymerization  had  ocoured  the 
kinetics  of  dlpicrylamlne  transport  across  the 
membrane  was  Investigated  using  the  charge  pulse 
technique.  By  this  method  it  could  be  shown  that 
the  transportation  rate  constant  had  decreased  by 
a  factor  of  about  20  towards  the  end  of  the  poly- 
reactlon.  The  reduction  in  the  diffusion  rate  can 
be  explained  by  the  inability  of  the  lipophilic 
loo  to  bypass  the  barrier  created  from  covalently 
linked  fatty  acid  In  the  hydrophobic  part  of  the 
polymerized  membrane. 
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CHARGE  iRA-'iSPORT  111  BIIAVERS  STUDIED  IH  THE  TIKE  AND 
iFRECUEKCr  OOKAINS. 

A.O.  Pfckar.  H.C.  Brown,  K.L.  Cox,  J.  Kobbs  and  P.  Scejtek. 

Oeparteent  of  Physics,  Portland  State  University,  Portland, 

Oregon. 

Mechanisas  of  charge  transport  in  lipid  bilayer  aeabranes 
have  been  investigated  in  a  series  of  coordinated  studies  of 
dynasiical  electrical  behavior  in  both  the  tice  and  frequency 
dooains.  The  expericsental  ncthods  include  voltage-step 
spectroscopy,  charge-pulse  relaxation  spectroscopy,  and 
alternating  current  admittance  spectroscopy.  Transport 
systecs  which  have  been  studied  include  lipophilic  ions, 
nonoceric  alkali  ion  carriers,  and  dicseric  protcnophoretic 
carriers  in  both  isonoglyceride  and  egg-phosphatidylcholine 
ineabranes.  Equivalent  R-C  circuits  used  to  represent  results 
are  not  unique;  certain  alternative  representations  are 
preferred  on  the  basis  of  physical  codels,  but  not  because  of 
the  fit  of  the  admittance  spectra  to  experimental  results. 

The  high  frequenc)  region  of  the  spectra  are  dominated  by 
charging  effects,  which  can  be  influenced  by  structural 
changes  due  to  adsorbed  substances.  For  alkali  ion  carriers 
differences  between  rate  constants  derived  from  charge-pulse 
and  alternating  current  admittance  ob<ervations  r^y  be 
attributed  to  non-specific  membrane  relaxations,  for  the 
protonophore  pentachlorophenol  the  interpretation  of  the 
spectra  requires  consideration  of  adsorption  isotherms 
obtained  in  auxiliary  experiments. 
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COMPARATIVE  STUDIES  OF  KEK3RAN0US  AND  SOLDBILIEEO  ADENOSINE 
TRIPHOSPHATASE  OP  SARCOPIASHIC  RETICULUM 
O.B.  Martins  and  1.  de  Keis  -  Oeparwent  of  Biochenistry, 
InstiCutd  of  BioraedKal  Sciences*  Federal  University  of 
Rio  de  Janeiro,  Rio  de  Janeiro,  Brazil. 

The  aid  of  this  study  was  to  caracterize  the  Ca^*-ATRase 
of  sarcoplasaic  reticulum  in  both  native  and  soluble  foras. 
Thus  the  effects  of  the  anionic  deteroents  Triton  X-IOO, 
lubrol  PX,  CijEj  and  Tween  20  on  the  ATPase  were  studied. 

The  forward  reaction  (NTP  hydrolysis)  of  the  catalytic  cycle 
of  NTPase  was  stinulated  in  the  solubilized  enzym.  On  the 
other  hand,  the  backward  reaction  (,NTP  synthesis),  observed 
with  native  ATPase  in  the  absence  of  a  calclun  Gradient,  was 
fully  inhibited  by  enzyme  solubilization.  Interaction  of  the 
enzyme  with  membrane  lipids  appears  to  be  required  for  ATP 
synthesis  but  not  for  hydrolytic  activity.  The  partial 
reaction  involved  in  ATP  synthesis  (phosphorylation  by  Pi, 
calctuo  binding  and  the  transfer  of  acyl  phosphate  to  AOP) 
were  studied.  The  results  suggests  that  the  vectorial 
performance  of  Ca‘f"ATPase  is  preraoted  by  a  rapid  transition 
from  the  enzyme  form  that  binds  calciua  with  low  affinity 
to  the  fomi  that  binds  with  high  affinity. 
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THE  pM-STAT  TECKSIQI'E  APPLIED  TO  RAT  PROXLMAL  TUBIXE. 

C.  Xalnic,  M.  Mcllo  Aires,  A.C.  Cassola,  A.C.  Lopes  and  C. 
Giebisch.  Depts.  of  Physiology,  Insc.  Ciencias  Biosedicas, 
l*niv.  Sao  Paulo,  Brasal,  and  Yale  I'niv.  School  of  K'^dieinc, 
Nev  Haven,  I'SA. 

The  pH-seac  technique  has  been  used  to  measure  H-ion  flu¬ 
xes  at  constant  suctpsal  pH  in  gastric  mucosa  and  turtle  blad¬ 
der.  In  renal  tubule,  H  fluxes  have  not  been  measured  at  con¬ 
stant  lujinal  pH,  although  luminal  buffer  load  is  important 
for  the  definition  of  H  transport.  We  have  fixed  luminal  pH 
in  oil-blocked  luminal  fluid  colums  by  injecting,  by  means 
of  an  electronic  pH-clamp,  OH"  via  an  antimony  microclectrode 
or  8^  via  a  IH  HCl-filled  Ling-Gcrard  nicroclectrode,  and  cca 
soring  pH  by  a  dxnble-barrelled  Sb/reference  electrode.  Due  ' 
CO  ion  injection  at  a  point  source,  pH  falls  exponentially 
with  distance  even  in  a  small  blocked  segment.  Therefore,  a 
treatment  analogous  to  cable  analysis  was  applied,  where  pH 
was  used  for  voltage  and  ion  flow  for  current.  A  length  con¬ 
stant  of  15.9  ♦  1.2S  (n**! 3) ICS  was  obtained  during  OH  injecti¬ 
on,  and  of  15.7  *  1.00  (4)  urn  during  H  injection.  Since  It 
was  difficult  co*obtain  absolute  fluxes  per  unit  area  of  epi¬ 
thelium  under  these  conditions,  effective  conductances  (EC  * 
current/  pH)  were  measured  in  paired  conditions  at  a  fixed 
distance  between  injectii^  and  measuring  electrodes.  When  tu¬ 
bules  were  perfused  in  sequence  with  control  and  10*^M  aceta  - 
zolaaide  containing  solutions,  using  OH  current  EC  fell  to 
0.45  0.046  <7)  of  controls,  indicating,  as  in  bladder  stu- 

dios,”a  fall  in  ‘'active'*  H  conductance.  When  H-ions  were  in¬ 
jected,  no  redu'*txon  of  EC  was  found,  suggesting  that  the  li¬ 
miting  factor  for  H  flux  is  cellular  H-ion  generation. 
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CASTRATION  EFFECT  ON  THE  ELECTRIC  PROPERTIES  OF 
SMOOTH  MUSCLE  CELL'S  MEMBRANE  OF  LONGITUDINAL  LAYER 
OF  GUINEA-PIG  VAS  DEFERENS.  A.T.  Ferreira*.  R.P. 
Markus**  and  A.O.  Lapa**.  "Department  of  Biophysics 
and  "‘Department  of  Pharmacology,  Escola  PauUsta 
de  Medicma,  Sao  Paulo,  S.P.,  Brazil. 

A  partial  depolarization  of  the  sraooth  muscle 
cells  was  observed  in  guinea-pig  vas  deferens  after 
castration.  It  was  recorded  an  increase  in  the  aro- 
plitude  and  a  delay  in  the  repolarization  tine  of 
the  spontaneous  junction  potentials  of  these  organs, 
that  suggest  changes  in  the  nenbrane  electrical 
properties  of  these  cells  Since  the  resting  neabrane 
potential  depend  nainly  on  and  Na+  we  looked  for 
a  relationships  between  castration  and  changes  in 
the  intracellular  concentraUons  of  these  ions  ((K), 
and  (Mali)  and/or  changes  it*  the  neabrane  permeabi¬ 
lities  to  Na**^  and  K*  (Pj^a  and  Pj^).  Isotonic  solu¬ 
tions  with  constant  sun  of  NaCI  +  KCl  have  been 
used  to  increase  the  and  the  resting  poten¬ 

tials  were  recorded  through  intracellular  micro¬ 
electrodes.  The  and  the  (Nd+)^  have  been 

estimated  from  the  total  ion  content,  the  extra¬ 
cellular  space  and  the  dry  weight/wet  weight  ratio. 
These  concentrations  did  not  change  with  castration 
or  with  changes  in  (K^Iq  and  (Na'*^)n.  On  other  hand, 
the  FNa/Pv  ratio,  ootained  from  Goidman-Hodgkin- 
Katz  equation,  doubles  in  the  castrated  animals. 
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VOLTACE  DEPEb'DENCE  OF  I/a/K  PUMP  CURRENT  IN  IJfrEn.HALLY  DIA¬ 
LYZED  CELLS  FROM  GUINEA  PIG  VENTRICLE. 

D.C.  Gadsby  at.d  A.  Nona,  Nat,  Insc,  for  Physiological  Set,, 
Okazaki,  Japan. 

Enzymatically  Isolated  cells  were  voltage  clamped  and  In¬ 
ternally  dialyzed  using  a  patch  pipette  (tip  diaa.  4-5  |im; 
resistance*!  HA)  and  were  superfused  at  36^C  with  5-20  oM  K 
Tyrodc's  solution,  Channel  currents  were  miniaized  by  adding 
0.9  mM  Ba,  Z&M  Cs  and  0.1  oM  Cd  to  external  solutions,  by 
substituting  Cs  for  all  but  11  oM  K  and  adding  20  nM  TEA  to 
pipette  (Internal)  solutions,  and  by  using  a  holding  poten¬ 
tial  of  -40  mV  to  inactivate  Ka  channels.  Internal  solutions 
also  contained  5  mM  creatine  phosphate  plus  10  oM  ATP  to  fuel 
the  pusp,  100  mM  aspartate,  and  5  mM  EGTA.  On  suddenly  rais¬ 
ing  pipette  (Na)  from  1  oil  to  30-50  toM,  the  holding  current 
at  -40  mV  shifted  outward  reachlrg  a  new  steady  level  within 
*2  min  *  Host  of  this  outward  current  was  rapldlv  (1-2  oln), 
and  reversibly,  abolished  by  external  ouabain  (10  (iH)  or 
stropltanthidin  (30-100  jiH).  Current-voltage  relationships 
(between  -140  aV  and  -f40  nV;  300  asec  pulses  at  0.123  Hz)  ob¬ 
tained  with  high  pipette  (N.il  before,  during,  and  after  Na/K 
puap  Inhibition  with  ouabain  or  strophanthidin,  revealed  that 
pusp-lnduccd  outward  current  was  greater  at  more  positive  po¬ 
tentials,  and  smaller  at  more  negative  potentials,  chan  at 
-40  mV,  Ac  0  aV,  such  strongly  activated  puap  current  aver¬ 
aged  190  i  60  pA/cell  (t  SD,  n«8)  equivalent  to  3  1  1  pA/cn^ 
visible  cell  surface,  and  over  the  diastolic  range  of  mca- 
brane  potentials  (-50  to  -100  mV),  It  contributed  approxi¬ 
mately  20  i  9  pS/ca^  surface  to  the  mcabrane  slope  conduct¬ 
ance* 
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ROLE  OF  THE  SODIUM  ION  ON  THE  DIPHASIC  RESPONSE  OF 
THE  SMOOTH  MUSCLE  TO  AGONISTS.  V.L.A.  Nouailhetas, 
S.I.  Shiouta,  A.T.  Ferreira,  A.C.H.  Paiva  and  T.ti. 
Paiva,  Department  cf  Biophysics,  Escola  Paulista  de 
MHicina,  Sao  Paulo,  S.P.,  Brazil. 

The  phasic/tonic  ratio  (P/T)  of  the  guinea-pig 
ileum's  responses  after  a  short  contact  with  high 
doses  of  acetylcholine  (Ach-5.6  pH)  or  histamine 
(Hist-2  mM)  were  3,0  ♦  0.2  and  2.4  ♦  0.1,  respec¬ 
tively.  A  smaller  P/T  (nearly  l.S)  was  obtained 
when:  a)  near-maximal  doses  were  used;  b)  after  a 
prolonged  contact  with  high  doses;  c)  after  short 
contact  with  high  doses  in  the  presence  of  low 
(Ndf)  (120  raH) .  The  effect  of  further  reduction  of 
(Nat-  to  80  mH  was  studied  on  the  isometric  respon¬ 
ses  to  those  agonists  as  well  as  on  the  membrane 
potential  (sucrose  gap).  Weak  hyperpolarization 
(3-4  mV)  and  partial  inhibition  of  the  phasic  com¬ 
ponent  occurred.  After  30  min  the  membrane  was  de¬ 
polarized  and  the  contraction  presented  a  full 
phasic  component  and  a  P/T  of  1.6  z  0.1  for  Ach 
and  1.2  *  0.1  for  Hist.  Reduction  of  (Nsf)  during 
a  short  or  a  prolonged  contact  with  high  doses  de¬ 
termined  contraction  or  relaxation  respectively, 
but  relaxation  was  always  obtained  with  near-maxi¬ 
mal  doses.  These  results  indicate  that  both  compo¬ 
nents  are  nodulated  by  external  Nat  the  phasic  one 
being  potential-dependent.  Only  high  doses  seems 
to  trigger  a  Na^sensitive  mechanism  which  is  res- 
oooslble  for  the  transient  high  P/T. 
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THE  KcOiANISK  FOR  THE  FUSIOM  OF  PHOSPHOLIPID  VESiaES  TO 
PLAXAR  BILAYER  KEHaRAXES.  F.S.  Cohen.  H.H.  Akabas,  A. 
Finkelsteln.  Rush  Kedical  college,  oeparteent  of 
Physiology,  Chicago.  Illinois,  U.S.A.;  Albert  Einstein 
Ollege  of  Kedicine,  Oepts.  of  Physiology  and  Neurosciences, 
Bronx,  New  York,  U.S.A. 

In  order  to  experisentally  oodel  the  biological  process 
of  exocytosis,  we  have  been  studying  the  fusion  of 
phospholipid  vesicles  to  planar  bilayer  eesbranes.  There 
are  two  experloentally  distinguishable  steps  In  the  fusion 
process.  In  the  first,  a  very  tight  and  close  association 
between  the  vesicles  ai^  planar  oeabrane  is  forced.  If  the 
vesicular  and/or  planar  eeobranes  contain  negatively  charged 
lipids,  divalent  cations  are  needed  for  the  foroation  of 
this  association.  Once  this  association  Is  forced,  divalent 
cations  are  not  needed  to  o*1nta1n  the  state.  Vesicles  eade 
froa  neutral  lipids  and  planar  tseobranes  fcraed  frca  the 
neutral  lipid  phosphatidylethanolaaine,  however,  fora  this 
tight  association  in  the  aosence  of  divalent  cations.  This 
association  between  vesicle  and  planar*  aeabrane  Is  not  a 
point  contact  but  rather  Is  an  adhesion  of  a  substantial 
fraction  of  the  vesicle  with  the  bilayer.  In  the  second 
step,  the  actual  fusion  of  vesicular  and  planar  eecbranes 
occurs.  The  driving  force  for  this  step  Is  ossotlc  swelling 
of  those  vesicles  which  are  In  association  with  the  planar 
ee^rane.  The  eolecular  rearrangeoents  that  occur  when  two 
eeobranes  fuse  Into  one  are  greatly  facilitated  If  the 
ne^ranes  are  fluid. 
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ELECTRICAL  AND  CSOIICAL  PROPERTIES  OF  AN  EKZTKE  MODEL  OP 
EXCHANGE 

J.K.  Tootsay  tad  E.A.  Jobataa,  Dopirtaeat  of  Phytioloty, 
0«Aa  Lbirextity  Kadietl  Caatar,  Dorhaa,  NC,  OSA 

Aa  eazTsa  nodal  of  ezchaa^a  vat  atadied  la 

vlileh  raadoa  biadlai  of  Chraa  Na^  aod  oae  Ca*^  are  raqoicad 
oa  appotlot  sldat  of  a  oaftbraaa  tafora  a  coafotBatloaal 
ebaata  aaa  oceer  traaaiatJag  tha  bindlai  sltaa  to  tba  oppo** 
aita  tidaa  of  tha  naabraaa  (a  alvaltaeaoat  •aebaaUa).  A 
tUllar  (ratcra)  traatlocatloa  atap  it  alto  parclttad  if  all 
tha  tltat  ate  anpty.  Hoaa  of  the  other  atatat  of  bladlot 
perait  toeh  traotloaatlai  cou'oraatioaal  abtaiat.  The 
retaltlai  raactioa  tahasa  has  22  raaetloa  ttept  lavolvlaf  Id 
aazyaa  Jatarsedlataa.  Tha  vottaia  dapaadaaea  of  tha  a^oitl* 
bxian  aoastaat  for  tha  overall  raaetloa  ragalred  by  tha  3:1 
Ha:Ca  ttolahleaatry  vat  obtalaed  by  uoltlplyias  aad  divJd* 
las,  ratpaotivajy,  the  forvard  aad  baekvard  rate  aoattaats 
of  oaa  or  tha  other  traatlocatloa  atapt  by  axp(FV/2RT> . 
Yith  raatoatbla  valaai  for  the  aeobraaa  deatlty  of  sach 
aazpio  tad  aa  appor  Halt  for  tha  rata  coattaatt  of  both 
traaslocatlosal  atapa  of  100.000/aeo,  tha  bahiTior  of  the 
cazywe  it  eoapatlbla  with  a  vide  t.'npo  of  data  froa  dlf** 
fareat  cxparlaaotAl  praparatloat:  Isolated  cardiac  aarcolan- 
aal  Tcalclra,  aquid  |laat  azoa,  and  cardiac  aaacla.  Con^ 
trary  to  ezpacttvloo.  aoct  'oahivior  vas  cbtalaabla  with  the 
aaaa  biadlns  coaitaat  for  Ca^**^  oa  both  tiOaa  of  the  aeabrsaa 
\10d/K),  aiailar  tyraatry  alto  baio$  attased  fo.*  tha  Na*^ 
biadla*  coaatant  (-  lO/M).  Sepportad  ia  par.  by  CSPHS 
graata  RR-01d93  aad  BL-12157. 
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^^^i«^IS.M  BLOCKING  EETECT  CF  irX3\L  ANAESHETICS  IN  EXCI 
TPflLE  JfJBRPNES 

J.  Ti<ivl,  K.  Hlclcg  and  T.  Lakatx>3,  Dicphyslcal  institute  of 
M>dlcal  IhlN'orslty#  PScs,  Hungary 

Previous  studies  of  our  laboratory  /!/  have  shown  that 
spin-labclled  local  anaesthetics  flAf  Uko  procaine,  pxocain 
a.*rilde  etc.  are  useful  tools  for  investlgiting  the  rechanlsm 
of  the  nerve  oenduetton.  Other  studies  /2/  used  N  ethylircdc- 
Imldc  cleared  sece  details  of  the  role  of  nenbrane  pro* 
tcins.  Present  work  ained  to  cj^Ioto  the  changes  of  thio 
lipid  fhasG  of  ncnhxsnc  under  effuct  of  XAs. 

Aooording  to  the  general  concept  the  lAs  eliminate  the  abil¬ 
ity  of  hxcxi'i  to  generate  and  conduct  action  potxmtlais  ty 
blocking  the  sodlxzn  current.  There  are  three  min  possibil¬ 
ities  ooncemlng  the  nechanism  of  blocking  processes: 

1,  lAs  are  boun'  to  specific  receptors  /chanel  proteins/ 

2.  L\s  arc  localised  on  tilia  irerbrane  surface- 3.  IA  nole^cs 

are  inserted  into  the  lipid  E>q«rlinents  were  per¬ 

formed  on  nen  ryclinatod  nerve  of  crayfish  with  ^)in-laboUOk 
IA  and  spin-labelled  stearic  acids  to  find  out  which  of  the 
possibilities  rcntlo.iGd  above  can  be  censidered  as  the  nost 
pccbable  cne.  As  it  Is  shewn  by  ESR  spectra,  no  strong  iitno- 
billsation  of  the  spin-labelled  IA  occurs,  as  it  noy  be  ex¬ 
pected  in  the  case  of  a  specific  receptor.  Cn  the  other  hand 
experiments  v;ith  sodium  ascorbate  rcdbctlcm  excluded  the 
possibility  iLr.  2.  i.e.  the  IA  noloculcyi  de  not  seem  to  lye 
cn  the  oerrbrane  surface.  Very  likely,  the  IA  rdIgcuIos  are 
Isrersed  into  the  lipid  region  of  the  rtstbrane. 

1. Tigyl  J.,  Lakatos  T.1  Studla  Biephys.  81  /1980/  15-26 

2. Gr6f  P.,BeUgyi  J.iBiochera.Bicpi^.hcta  734/1983/319-328 
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L0:»  RA!«S  SliCTaKLIC  PHASS  C0H2H2:CS  IN  TKS  EACnSIOEKCDO?- 
SIH  KACftCKOISCUZS  A2S  ITS  POSSIBIS  OCCSSHSICS  IN  BIOLOGICAL 
SYSTsKS. 

A.P.  Clarie.  L.J.  lAsue  &  S.J.  Brandas,  Physfes  Dapartooat, 
Guys  Hospital  Medical  S^ool,  London  Brid^,  London,  UK. 

Ve  have  recently  suggested  that  the  protein  free  the 
purple  aeabrane  of  Ealobacterlm  Halobltp.  Bacteriorhodopsin 
aay  exhibit  long  range  phase  coherence  (l).  The  protein 
contains  a  retinal  chreaophoro,  tdiich  is  believed  to  have  at 
least  four  trypto;^ian  residues  in  close  proxisity  so  this 
shews  a  ii^tked  similarity  to  the  hypothetical  structure  f:»r 
a  aoleeular  superconductor  proposed  by  Little  in  1964  (2). 
Thio  txeataent  enables  us  to  e:g>lain  aany  of  the  surprising 
experimentaA  results  obtained  with  bacteriorhodopsin  such  as 
a  photocycle  ratio  of  two  protons  pissped.  per  induced 

photocycle  (3)  and  also  a  greatly  enhanced  static  electrical 
polarisability  (4). 

1.  L.J.  Dunne,  A.D.  Clark,  &  3.J.  Brandas,  Submitted  to 
Aeeounto  of  Chemical  Heseareh. 

2.  W.A.  Uttle,  Phys.  Rev.  IM,  AI416  (I964). 

3.  L.J.  Dunne,  A.D.  Clark  &  R.J.  Brandas,  Chem.  Phys. Lett. 
97.  575  (1965). 

4.  L.J.  Dunne,  E.J.  Brandas  &  A.D.  Clark,  Chec.  rttys,  Lett. 
1C4.  431  (1964). 
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TIKE  COURSE  OF  MISZRALOCORTICOID  FFFECTS  ON  THE  RENAL 
CORflCAL  COLLECTING  DUCT  Na-K-ATPate.  R.C.  0*Neil  and 
A.A.  HayhursC,  Dept,  of  Physiology  A  Cell  Blolo,^'/,  t'niv, 
of  Texas  Medical  Scliool,  Houston,  Texas,  USA  77030 

Pabbics  with  Intact  adrenals  were  salntained  on  either 
control  diet  (norsal  Na  and  K  content)  or  high  Na,  low  K 
diet  (to  supress  endogenous  plassa  aldosterone  levels)  and 
then  treated  dally  with  the  alneraJocorticold  deoxycortico¬ 
sterone  acetate  (CCCA.  2  eg/kg/day,  l.a.)  for  0  (no  ^‘^7A) 
to  4  days.  Segb^nts  of  CCD  were  Isolated  from  the  kldne^ 
and  the  .Na-K-.iPase  activity  estituted  as  the  ouaba.n- 
-senslnlve  rate  of  ATP  hydrolysis  at  37*C  using  a  nteroassay 
in  which  the  appearance  of  AOP  was  enzyoatically  coupled  to 
a  highly  fluorescent  form  of  HAD  for  quantitation,  OOCA 
treataent  caused  a  signlfeact  Increase  <*,  P<0*03>  In 
Na-K-ATPase  activity  after  Z  or  core  days  of  treataent. 

Wet  DOCA  Treataent,  days 

0  (none;  I  2  3-4 

— paol  ADP/ol«/aa  tubule  lengtn— 

Control  (n)  13(9)  23(5)  30(5)*  35(4)* 

High  Na,  low  K  (n>  17(6)  14(6)  —  30(10>* 

This  is  likely  a  alneraloccrticold  action  since  trcatcenc 
with  dcxaoethssone  (O.S  cg/kg  day,  l.c. )  alone  for  3-4  days 
had  no  effect.  Further,  DOCA  treataent  for  1  day  has  been 
shown  (Sansoo  and  0'l.eil,  unpub.  obs.)  to  cause  a  doubling 
In  the  Na  conductance  of  the  luminal  cell  aesbr&ne.  Hence, 
It  is  conceded  that  elevation  of  oineralocorttcold  levels 
causes  an  Increase  (n  Na-K-ATPasc  activity  after  a  latent 
period  of  1  day,  but  that  this  Is  tx>8t  likely  secondary  to 
an  Increase  In  Na  entry  at  the  luminal  aeabrane, 
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WATER  PtRMEABlLITY  OF  DIMYRISTOYL  PHOSPllATlDYLOlOLINE 
SURFACE  BlUYERS.  L.  Clnsbergt  and  N.L.  Gershfeld. 

MIADDK,  NIH,  Bethesda,  MO,  USA,  20205. 

Dispersions  of  dlcyrlstoyl  phosphatidylcholine  (DMPC) 
In  water  at  29*  have  been  reported  to  fora  a  flla  at  the 
equlllbrlua  atr/water  surface  with  a  molecular  density 
equal  to  that  of  a  lipid  bilayer  (N.L.  Cershfeld  and  K« 
Tajlaa,  Nature  279.  708  (1979)).  At  teaperatures  above 
and  below  29*  the  surface  density,  as  measured  by  ^’adlo- 
tracers,  falls  continuously  with  temperature  te  monolayer 
values.  In  the  present  study,  the  water  permeability  of 
the  DKPC  surface  films  has  been  obtained  by  neasurieg 
the  rate  of  water  evaporation  from  DHPC  dltperalons  at 
temperatures  where  tho  surface  concentration  exceeds  that 
of  a  monolayer.  Evaporation  rates  did  not  deviate  from 
those  for  the  llpid-free  systems  throughout  the  entire 
temperature  range  examined  (20-35),  except  at  29*  where  a 
barrier  to  evaporation  was  detected.  At  thlc  temperature 
the  rate  of  evaporation  from  DMPC  dlspetalora  decreases 
approximately  50Z  from  that  for  pure  water.  Our  results 
are  consistent  with  a  model  in  which  a  bllayer  coexists 
with  liquid  expanded  monolayer  over  the  entire  tempera¬ 
ture*  interval  where  surface  concentrations  axceed  mono¬ 
layer  densities.  The  narrow  temperature  Interval  of  evap¬ 
oration  resistance  at  2910,1*  t’hera  surface  concentra¬ 
tion  correlates  with  bilayer  density,  is  the  result  of  a 
large  epeclflc  reilstance  ;ctio  of  IQ^  for  bllayer  to 
monolayer. 

t Present  address:  The  Middlesex  Hospital  Medical  School, 
London,  England. 
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VESICLE  FORMATION  BV  SALTING-OUT  METHOD  AND  ITS  APP 
LICATION  TO  THE  RECONSTITUTION  OF  SARCOPLASMIC  RE¬ 
TICULUM  T,Taqucht  and  M. Kasai,  Dept. Biophysical 
Engineering, Faculty  or'  Engineering  Science, Osaka 
Univ.  Toyonaka, Osaka, Japan 

It  was  found  that  the  addition  of  salt  such  as 
KCl  into  a  solution  containing  lipid  (asolcc^.in)  and 
a  non-ionic  surfactant, Triton  X-114,  led  to  the  for 
Elation  of  closed  cteobrane  vesicles.  The  vesicles 
were  separated  froa  Triton  X-114  by  hydrophobic  in¬ 
teraction  chromatography.  Electron  microscopy  re¬ 
vealed  that  the  mean  diameter  of  the  vesicles  was 
110  nm  ±  69  nm(SD).  Measurement  of  osmotic  volume 
change  showed  that  the  permeability  of  the  vesicle 
was  very  low  to  salts, sugar  and  amphoteric  ion,  but 
very  high  to  glycerol, ethyleneglycol  and  water.  It 
was  possible  to  form  vesicles  by  salting-out  with 
another  non-ionic  surfactant, Triton  X-100  under 
a  certain  condition;  Vesicle  formation  by  this  me¬ 
thod  is  very  useful  for  reconstitution  of  transport 
systems  in  biological  membrane  because  of  its  ad¬ 
vantages:  completion  within  a  short  time;  high 
yield;  and  the  possibility  of  utilising  samples  in 
pon-ionic  surfactant  solution.  When  wo  applied  the 
piethod  to  the  reconstitution  of  sarcoplasmic  reti¬ 
culum,  Ca2+-ATPase  was  incorporated  into  the  recon¬ 
stituted  vesicles  and  was  enzymatically  active  in 
the  membrane. 
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SPECTROSCOPIC  STUDIES  OF  INTERACTION  OF  AN  AIB  PEPTIDE  EXT¬ 
RACTED  FROM  TRICHOOERKA  SP  UITH  MODEL  MEMBRANES. 

T.  Le  Do^a.  S.  Rebuffat,  H.  £I  Hajji  and  B.  Bodo,  Labora- 
toire  de  Bfophyslque  and  Laboratoire  de  Chlnle  Appllquee, 
Hu$eua  National  d'Histoire  Naturelle,  61  Rue  Buffon.  F-7500$ 
Paris. 

The  main  coeponent  of  a  faoily  of  antibiotic  peptides 
has  been  extracted  from  the  fungus  Trichoderma  SP.  It  pre¬ 
sents  antifunc*.,t  activity  and  acts  as  inhibitor  of  vegetal 
transpirati'.i  (measured  on  barley  shoots)  suggesting  ft  can 
act  on  b^yfogical  meebrane  permeability. 

aaino  acid  coesposition  shows  that  the  molecule  con- 
ta<-«  of  non-polar  residues  with  a  predominance  of  o- 
aiino  isobutyric  acid  (Aib)  residues.  The  N-terainal  resf- 
ds.**  Mib)  1$  acetylated  and  the  C-terofnal  group  fs  the  ami¬ 
no  alcohol  tryptophanol.  This  unique  aromatic  residue  was 
used  as  intrinsic  fluorescence  marker  for  the  study  of  the 
interaction  of  the  peptide  with  phosphatidylcholine  vesicles. 
In  the  presence  of  vesicles,  the  tryptophan  fluorescence  ma- 
xieuawas  shifted  to  shorter  wavelengths  and  the  fluores¬ 
cence  ouantun  yield  increased.  These  emission  changes  are 
related  to  the  binding  of  the  peptide  to  the  vesicles,  the 
chrooophore  beino  fn  a  more  hydrophobic  environment.  At  the 
ratio  of  phosphonpid/peptide  •  150,  the  peptide  molecules 
are  considered  to  exist  only  at  the  bound  state,  Polarira- 
ticn  and  fluorescence  quenching  by  P  measurements  confirm 
the  embedment  in  the  bi layer  rather  than  a  surface  binding 
of  the  peptide. 


161 

I  Effect  of  Substrate  Coopositlon  on  Phosphollpsse  A2  Reaction, 
J.B.  Massey,  H.S.  She,  A.M,  Gotto,Jr.,  and  H.J,  Povnall. 
Paylor  College  of  Medicine,  Houston,  TX. 

The  factors  that  regulate  the  activity  of  C.  adatsanteus, 
bee,  melanoleuca,  and  porcine  pancreas  phospholipase  A2  have 
been  studied.  The  substrates  contained  1,2-dlsyrlscoyl-sn- 
g’ycero-3-pho8phochoUrc  (DMPC)  or  l,2-0-t«tradecyl-8n- 
glycero-3-phosphochollne  (DMPC-ether).  The  physical  proper¬ 
ties  of  reasse&bled  lipoproteins  (R-KDL)  and  single  bllayer 
vesicles  are  unchanged  when  MFC  Is  replaced  by  DMPC-ether, 
R-KOt  coaposed  of  DMPC-ether  and  apoprotein  A-I  or  A-II  and 
vesicles  were  used  to  determine  the  aaxlrua  hydrolysis  rate 
the  kinetic  binding  constant  (Kq)  and  the  dissocia¬ 
tion  constant  (Kd).  A  hydrolyzable  radiolabeled  or  fluorce- 
cef.t  phosphatidylcholine  (K)  <2  oole  X)  was  Included  to 
determine  and  under  these  conditions  the  reaction 
goes  to  cosploslon,  Is  first  order,  exhibits  substrate  satur¬ 
ation,  and  produces  no  change  In  the  ascroaolecular  structure 
of  the  substrate.  K4  was  deterelncd  by  cqulllbrlua  gel  fil¬ 
tration*  values  for  hydrolysis  of  r-HDL  by  the  enzymes 
from  bee  and  C.  adamanteus  were  2  to  3  orders  of  magnitude 
greater  than  for  vesicles.  Substitution  of  r-HDL  for  vesi¬ 
cles  decreased  and  Kd  by  an  order  of  magutcude.  Decreas¬ 
ing  the  acyl  chain  length  Sind  increasing  the  unsaturation  of 
the  hydrolyzable  ?C  vlthln  the  sane  lipid  microenvironment 
gave  Increased  enzyme  activity  chat  was  Independent  of 
macromolecular  structure.  These  results  demonstrate  that 
the  mictoenvlronmenc  and  macromolecular  arrangement  of 
phospholipids  is  «  determinant  In  the  kinetics  and  themody- 
naaics  of  llpolysis. 
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ARSENATE  REPWCES  PHOSPHATE  AND  SUPPORTS  SODIIM  PUMP  - 
MEDIATED  K:K  EXCHANGE  l.N  ..IMAN  RED  BLOOD  CELLS 
L.J.  Kenney  and  J.H.  Kaplan,  Department  of  Physiology, 
thlversity  of  Pennsylvania,  Philadelphia,  Pa,  USA. 

When  red  cell  ghosts  are  prepared  in  the  absence  of 
Intracellular  Na,  Na:K  exchange  cannot  t.ike  place  and  a 
ouabain-sensitive  K:K  exchange  occurs  via  the  sodium  pump. 
This  exchange  of  intracellular  for  extracellular  K  has  a 
1:1  stoichiometry  and  requires  P^  and  a  nucleotide  such 
as  AD?.  h*e  find  chat  arsenate  will  support  K:K  exchange 
in  the  presence  of  2  bM  ADP  and  in  Che  absence  of  phosphate. 
The  curve  relating  arsenate  concentration  to  ouabain- 
sensitive  K:K  eAChangc  shows  biphasie  activation  (like  P^) 
with  stimulation  in  the  0-1  aM  range  and  inhibition  at 
higher  arsenate  corcentrations.  Arsenate  activates  the 
exchange  with  a  higher  apparent  affinity  than  P^  and 
inhibits  to  a  greater  extent  than  P^.  The  basis  of  the 
activation  probably  occurs  via  arsenylation  of  the  sodium 
pump  protein.  While  increased  external  K  (Rb)  stimulates 
the  race  01  K:*'  exchange,  the  activation  by  arsenate 
remains  biphasie,  in  contrast  to  previous  reports  where 
Pj  inhibition  is  relieved  by  high  external  K. 

(UK  is  supported  by  Training  Grant  5T-32-CM07229,  JHK  is 
supported  by  NTH  HL  30315  and  is  a  recipient  of  RCDA  K04- 
HL01092). 
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PERMEATION  OF  SOLUTES  THROUGH  PURE  PHOSPHOLIPID  B, LAYERS 
J.S.  Bf-iahall.  Department  of  Microbiology  i  Immunology, 
University  of  California,  Los  Angeles,  California,  U.S.A. 

Using  fluorescent  anionic  dyes  such  as  carboxyfluor- 
escein  as  model  solutes  it  is  shown  that  the  forces  allowing 
such  solutes  to  be  retained  within  sealed  lipid  vesicles, 
against  a  large  concentration  gradient,  can  be  primarily 
electrostatic  in  nature.  At  temperatures  distant  from  that 
of  the  ordcred-fluid  lipid  phase  transition  a  small  number 
of  the  anionic  dye  molecules  trapped  within  the  lipid  ves¬ 
icles  are  capable  of  traversing  the  lipid  bilayer  and  est¬ 
ablishing  an  el'ctrlcal  diffusion  potential  across  the  mem¬ 
brane.  Ixirther  solute  movement  can  then  only  occur  with 
the  concommltanc  permeation  of  ions  which  restore  electrical 
balance.  A  significant  flux  of  dye  can  be  triggered  by  a> 
increasing  the  permeability  of  the  membrane  to  ions  (for 
example  by  the  addition  of  ionophorcs  ^uch  as  gramicidin, 
or  by  aiioving  the  lipid  to  approach  a  phase  transition)  b> 
adding  lipophilic  counterions  such  as  tetraphenylborace  or 
dlnitrophenoi  to  the  system.  Because  the  permeation  of  the 
dye  become  tightly  coupled  to  the  movement  of  the  counter¬ 
ions,  the  dye  can  serve  as  a  convenient  reporter  of  Ionic 
flux  across  the  bllayer.  This  experimental  approach  has 
been  used  to  study  the  relationship  between  acyl  chain 
length  and  the  relative  permeation  rates  of  several  lens 
through  bllaycrs  composed  from  an  homologous  series  of 
lecithins.  The  studies  have  been  conducted  over  a  vide 
range  of  temperatures,  and  reveal  striking  differences  In 
the  behavior  of  saturated  and  unssturated  phospholipids 


PROPERTIES  OF  BACTERIAL  LIPOPEPlIDES.  EFFias  OS  THl  PER.MIA- 
BILITY  OF  BLH.  CONF0R.MATI0NS  lH  SOLUTION. 

R,  Maget-Oana,  P.  Marion,  H.  Genest  and  M.  Ptak.  Centre  de 
Biophysique  Mole»-a1aire  (CbRS)  cc  Ur.iversite  d 'Orleans,  45045 
Orleans  cede  .  rr.#"ce. 

F.  Peypoux  -.id  G.  .lichel,  Laboratoire  de  Biochinie  Mlcrobien- 
nc,  Vniversitc  Lyon  1,  69622  VUUurba.ine  codex,  France. 

Several  Ixpopeptides  (Iturins  and  BaciUoDvcxns)  extracted 
fr<«  different  strains  of  contain  a  cvclic 

hoptapeptide  and  a  lateral  aliphatic  chain.  They  have  anti¬ 
fungal  properties  and  stronglv  interact  with  membrane**.  Thev 
modify  the  permeabilitv  of  BLM  by  forming  pores.  In  a  first 
step,  Itarin  A  was  speciallv  studied  by  different  methods.  An 
analysis  of  the  lifetime  and  amplitude  and  vf  ilu  lime  evo,*.- 
tion  of  the  channels  was  achieved  for  BLM  of  e,v  lecithin  ♦PL 
The  presence  of  cholesterol  inhibits  the  formation  of  discre¬ 
te  conducting  struci*i»*^s  and  induces  a  general  increase  of 
the  conductance.  A  wonformaiional  analysis  of  Iturin  A  was 
undertaken  by  using  2D-»tR  and  energy  calculations.  Most  of 
the  relevant  parameters  were  collected  which  allow  to  «la 
borate  a  modei  of  confonsation  for  the  minlmizatioi.  of  intra¬ 
molecular  energy.  A  rather  rigid  structure  was  thus  obtained 
in  which  hydrogen  bonds  stabilize  the  peptide  cvcle  and  the 
polar  side  chains.  The  aliphatic  and  T*.  side  chains  could 
pUy  a  special  role  in  interacting  vi*h  the  environment.  A 
preliminary  discutsion  of  possible  st  -ucture-activiry  rela¬ 
tionship  is  presented  on  the  basis  of  data  obtained  in  these 
different  approaches. 
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164  ORAL  PRESENTATION 

PATCH-CUMP  ISVESTICATIOSS  IS  EESAL  PROXIMAL  TOBLIES 
H»  Cbgclein  and  R.  Grcgcr,  Max-Planck-Inscitut  fur  Biophysxk 
Kcncedyailce  70,  6000  Frankfurt/^{ain  70,  FRG 


I  DATA  CONCBRNIKG  TRk  SLLCTRONIC,  PROTONIC  ^ND  HOLKCULAR 

I  HLCHATUSyiS  OF  THS  INTtRACTIONfl  BCTWEH  SOKE  LOCAL 

I  ANALSTH&a'ICS  and  excitable  HEMBRANkS 

I  Hioara  Trlpca.  V.fa.Sahlni*  and  V.  Vasilascu 

I  Departccnt  of  Biophysics,  Faculty  of  Kedicino,  Bucharest, 

1  ROKANXA 

1  Physical  Cheaistry  Laboratory,  Polytechnic  Institute, 
Bucharest,  ROMANIA 

Toe  inforutions  about  the  nature  and  structure  of  the 
ionic  channels  in  neuroseabranes  can  be  obtained  by 
studying  the  interaction  tween  the  local  araesthetic 
substances  and  excitable  seabranes. 

Ve  have  correlated  our  previous  studios  concerning  soae 
BOleeular  characteristics  -  aroaatie  nitrogen  charge  and 
the  distance  between  the  aroaatie  nitrogen  and  the  see> 
ondary  nitrogen  -  of  the  local  anaesthetics  Pjrocaine, 
Lidocaine,  Tetracaine  and  Bensocalne  with  the  oodtfica- 
tions  induced  by  then  on  the  action  potential  of  the 
peripheral  nerve,  on  the  nerve  ATP  pool  and  on  soa‘>  en> 
zyacs  involved  in  nerve  energetic  processes. 

The  obtained  data  conflra  the  existence  of  an  excitation* 
energy  coupling,  which  is  unspecific,  although  it  exists 
between  soae  structures  highly  specialized. 

The  understanding  of  the  coupling  eechanlsas  offers  also 
a  biophysical  base  which  could  elucidate  the  aolecular 
aeehanisBS  of  the  local  anaesthesia. 


A  Dcthod  IS  described  which  enables  single  ionic  channel 
recordings  frots  proxioal  tubules  of  rabbit  kidney.  Isolated 
tubule  segments  were  cannulatcd  on  one  side  and  the  tubule 
was  perfused.  The  other  end  of  the  tubule  was  freely  acces¬ 
sible.  After  treattaent  with  0.5  g/1  collagcnasc  for  5  nin  at 
rooa  teeperature,  the  open  end  was  torn  with  a  glass  pipette 
as  to  expose  clean  lateral  surfaces.  With  this  Dethod  lateral 
cell  sesbranes  (BLM)  can  be  approached  by  a  patch  electrode. 
FurthcrDorc  it  was  possible  to  insert  the  electrode  through 
the  open  end  into  the  tubule  listen  and  to  bring  it  into  con¬ 
tact  v.th  the  brush  border  ecd>rane  (BBM).  Both  with  BLM  and 
with  BBM  seals  of  >  GO  were  possible.  At  the  BLM  a  K*  se¬ 
lective  channel  was  observed  in  cell  excised  patches.  The 
channel  appeared  in  bursts  and  shoved  fast  transitions 
(<  10  Bs}  to  the  closed  state.  The  single  channel  conduc¬ 
tance  was  approxi&ately  40  p5.  With  KCl-Ringers  solution  on 
both' sides,  the  channel  could  be  blocked  by  20  cM  TEA*  in 
the  bathing  sediica.  In  addition  to  this  K*  selective  channel, 
another  channel  of  as  yet  unidentified  selectivity  was  ob¬ 
served  in  BLM.  This  channel  has  a  conductance  of  approxi- 
natcly  20  pS  and,  opposite  to  the  K*  channel,  does  not  show 
flickering.  The  kinetics  of  this  channel  is  voltage  depen¬ 
dent.  For  BBM  a  K*  selective  channel  which  could  be  blocked 
by  5  cM  Bariua  ions  was  identified. 
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CONFORMATION  AND  STABILITY  OF  THE  ANION  TRANSPORT  PROTEIN  OF 
HUMAN  ERYTHROCYTE  MEMBRANES 

R.A.F.  Reithneier,  K.  Oikawa  and  D.M.  Lieberoan,  Oept.  of  B<o 
cnenistry,  Oniv.  of  Alberta,  Ednonton,  Alberta,  Canada. 

The  conforaation  and  stability  of  Band  3,  the  anion  trans 
port  protein  of  hunan  erythrocyte  netabranes,  and  its  consti¬ 
tuent  proteolytic  subfrajsents  was  studied  by  circular 
dichroiso.  Band  3,  in  the  oeobrane  or  after  solubilization  by 
non-ionic  detergents,  had  an  o-helicai  content  of  40*.  Loss 
of  a-helical  content  by  denaturatlon  with  guanidine  hydro¬ 
chloride  occurred  in  two  phases.  The  carboxyl-termnai, 
■neobrane-associated  dooain  (H|-»55,000)  of  Band  3  contained 
55i  «-helix  and  was  resistant  to  denaturatlon.  The  anino- 
teroinal  cytoplasnic  donain  (Hr'41,000)  contained  30S  o-helix 
and  was  sensitive  to  guanidine  hydrochloride.  Irreversible 
heat  denaturatlon  of  Band  3  occurred  with  half-Daxinally 
change  In  bjjj.s  at  48*.  Covalent  attachoenb  of  the  anion 
transport  inhibitor,  4,4'-dilsothiocyanostilbene-2,2'-disul- 
fonate  to  Band  3  had  little  effect  on  the  circular  dichroiso 
spectra  of  Band  3  or  the  oenbrane-assoclated  donain  but  re¬ 
sulted  in  stabilization  of  Band  3  to  heat  denaturation  (haif- 
caxioai  change  in  0222, S'Ol*).  Circular  dichroiso  studies  of 
ncobranes,  digested  with  proteolytic  cnzyties  and  stripped  of 
extrinsic  fragments,  revealed  that  the  portions  of  red  cell 
oenbranc  proteins  that  arc  cobedded  in  the  lipid  bilayer  con¬ 
tain  a  high  (S5-70A)  content  of  o-helix,  A  model  for  the 
organization  of  Band  3  in  the  meobionc  is  presented. 

(Supported  by  the  Medical  Research  Council  of  Canada  and 
Alberta  Herltaoe  Foundation  for  Medical  Research) 
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ACETYLCHOLINE  RECEPTOR;  A  VOLTAGE-DEPENDENT  REGUUTORV  MIL 
K.Takcyaau,  S.  Shlono  and  C.P.  Hcas,  Biochemistry.  270  Clark 
Hall,  Cornell  I'nivcrsity,  Ithaca  N.Y.  148S3  U.S.A. 

Acetylcholine  (ACh)  receptor-controlled  Ion  flux  In 
Bcnbrane  vesicles  prepared  from  the  electroplax  of  Torpedo 
californica  was  Investigated  under  voUage-cltoped  conditions 
using  a  <iuench-flov  technique  with  a  tine  resolution  of  5  ms. 
Two  rate  coefficients  were  measured  over  a  1000-fold  concen¬ 
tration  range  '  ACh:  J.,  the  rate  coefficient  for  ion  tran^- 
location  b/  the  active  State  of  the  receptor  in  the  absence  of 
Inactivation  (desensitizatlon);  -j,  the  rate  coefficient  for 
the  fast  inactivation  of  the  receptor  by  ACh.  (1)  At  low  ACh 
concentrations  the  value  of  J.  and  i  increased  with  Increasing 
roncencratlona.  (2)  J.  decreased  at  high  ACh  concentrations. 

In  contrast  ci  did  not^ahow  a  decrease.  (3)  When  the  trans- 
sesbrane  potential  of  the  vesicle  mcabrane  is  changed  to  more 
negative  values  the  value  of  K.  (the  dissociation  constant  for 
binding  of  ACh  to  the  regulatory  alto)  decreasew  drastically 
while  K.  (the  dissociation  constant  for  binding  of  ACh  to  the 
receptor  before  Inactivation)  remains  constant.  (4)  A  local 
anesthetic,  procaine,  did  not  at  feet  the  binding  of  ACh  to 
the  regulatory  site.  These  results  can  be  explained  by  a 
simple  model  where  the  functioning  of  the  receptor  is  reg- 
•ulatod  by  binding  of  ACh  to  a  voUago-depenient  regulatory 
wlte,  a  site  that  is  distinct  from  the  sites  responsible  for 
receptor  activation  and  inactivation  and  from  the  local 
an<‘Sthetle  site.  The  biological  significance  of  the  voltage- 
dependent  regulatory  site  of  the  receptor  may  be  that  it 
allows  the  receptor-controlled  transmission  of  signals  to  be 
variable  and  adjustable  by  changes  In  the  resting  potential. 
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ANOMALIES  IN  CHEMIOSMOTIC  SOLUTE  TRANSPORT!  A  REDOX  REGUU- 
TION  CAS  SOLVE  THE  DISCREPANXIES 

K.j.  Hcllingwerf,  M.G.L.  Elferink,  J.M.  van  Dxjl  and  W.N. 
KonxngsT  Department  of  Microbiology,  University  of  Groningen 
Kcrklaan  30,  0751  NN  Harcn,  The  Netherlands. 

The  rate  and  extent  of  solute  transport  in  bacteria  U 
not  uniquely  dependent  on  the  magnitude  of  the  proton  motive 
force,  as  would  be  expected  on  basis  of  the  chcaiosmotic  hypo¬ 
thesis.  In  contrast,  particularly  in  phototrophic  bacteria 
like  RiiodopscudOTsonas  sphacroides,  the  maximal  rate  of  solute 
uptake  in  intact  cells  at  a  constant  magnitude  of  the  proton 
motive  force,  varies  at  least  hundred-fold  with  the  rate  of  * 
cyclic  -  electron  transfer.  This  is  true  not  only  for  trans¬ 
port  via  solute  carriers  that  are  endogenously  present  in  this 
bacterium,  but  also  for  transport  of  lactose  via  the  M-pro- 
teiA  from  Escherichia  coli  after  transfer  of  this  transport 
system  to  the  phototrophic  bacterium  via  genetic  manipulation 

(1) . 

Also  the  rate  of  linear  electron  transfer  similarly  regU' 
latcs  the  rate  of  solute  uptake  in  these  two  bacteria,  both 
in  intact  cells  and  in  isolated  cytoplasmic  membrane  vesicles 

(2) .  Furt.ieraore,  this  regulation  can  also  be  demonstrated 
for  solute  uptake  via  sodium  transport(i.e.  thiotacthylgalac- 
toside  uptake  via  the  melibioso  transport  system  from  E,  coli). 
We  therefore  conclude  that  these  deviations  from  the  chemios - 
notic  hypothesis  cannot  be  explained  by  local  chcoiosoocic 
interactions.  Our  working  hypothesis  is  that  the  redox  state 
of  a  component  in  the  mcDbranc  regulates  the  activity  of 
solute  transport  systems. 

1.  Elferink  M.G.L.  et  al.  1983.  FEBS  Lett.  164:  185-190 
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VITAMIN  C  AND  CANCER 

W.  lohaann,  H.  Sapper,  0.  Holz,  0.  Pagel,  K.  Beinhauer,  0. 
Winzenburg,  and  P.Z.  TIan*,  In:tUut  flir  Biophyslk  der  Uni- 
versUbt,  leihgesterner  Weg  217,  D-6300  Giessen,  FRG. 

Recently  we  could  show  that  blood  and  Its  constituents 
obtained  fro'a  patients  with  an  acute  lymphatic  leukemia  exhi¬ 
bit  an  electron  spin  resonance  signal  at  g  -  2.005.  This  sig¬ 
nal  could  be  assigned  to  the  ascorbyl  radical.  It  is  formed 
by  the  interaction  between  the  anionic  ascorbyl  entity  and 
Na*  or  K*.  The  radical  has  a  cyclic  side-chain  structure  pre¬ 
sumably  formed  by  the  hydrogen  bond  C{3)-0'’.,..  H0-C(6) 

{»2.7  W).  This  special  structure  enables  ascorbate  to  form 
an  electroneutral  C(xaplex  with  Na*,  probably  due  to  a  1:1 
stoichiixDetry.  Iso-ascorbate,  the  biologically  icss  effective 
C(5)-enantioner  of  d«‘corbate,  seems  to  prefer  a  complexation 
with  K*  ions  with  a  side  chain  ring  exhibiting  different  bond 
angles  as  in  the  case  of  Na*  complexation.  The  corresponding 
radicals  exist  In  their  highest  concentration  at  physiologi¬ 
cal  pH  and  temperature.  They  can  be  reduced  by  red.  glutathio 
ne  without  changing  their  electroneutral  bicyclic  structure. 
These  findings  which  occur  concomittantly  with  changes  in  ttie 
vitamin  C  concentration  in  the  case  of  certain  types  of  can¬ 
cer,  suggest  vitamin  C  dependent  modifications  in  the  Na*/K* 
transport  across  nenbranes,  in  the  meirbrane  GSH  concentration 
and  in  the  intracellular  pH.  Detailed  investigations  are  In 
progress  at  present. 

This  work  was  supported  in  part  by  grants  from  BMFT  and  the 
Fends  of  t«ie  Chemical  Industry. 

*  On  leave  of  absence  from  Academia  Sinica,  Institute  of 
Biophysics,  Peking,  China.  « 
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TOWARDS  THE  30-STRUCTURE  OF  THE  INTEGRAL  MEMBRANE 
PROTEIN  MATRIX  PORIN  FROM  £.  COlI. 

J.A.  Jenkins#  R.  Karlsson,  and  B.M.  Garavito« 
Biozentrum/  University  of  Basel «  Klingolbcrg- 
straslc  70,  CH-4056  Basel,  Switzerland. 

Crystals  of  natrix  porin  can  be  reproducibly 
grown  from  mixtures  of  0-octyl  glucosidc  and  oc¬ 
tyl  polyoxycthylenes  (CgEO  ,  x  ®  <^-ll)  by  increa¬ 
sing  the  concentrations  of^PEG  2000  and  NaCl, 
without  detergent  phase  separation.  The 
crystals  diffract  to  2.8  8  at  -IS^C.  Osing^syn- 
chrotron  radiation,  wc  have  collected  a  complete 
4  ®  dataset  at  room  temperature  (R-sym  »  9.6  %) 
and  a  partial  (.60%)  dataset  at  -IS^C.  The  4  % 
dataset  has  allowed  us  to  locate  a  single  3-fold 
noncrystallographic  axis  and  an  independent  2- 
fold  axis  relating  the  two  tricers  in  the  asym¬ 
metric  unit.  The  coincidence  of  the  molecular 
3-fold  axes  sets  strong  constraints  on  the  pos¬ 
sible  packings.  Withm  a  narrow  range  of  deter¬ 
gent  concentrations  good  crystals  can  be  grown 
by  dialysis.  Heavy  atoms  can  bo  dialysed  into 
these  crystals.  Small  intensity  differences 
were  observed  with  16  mM  KAu(CN)2  and  larger 
changes  with  5  nM  KjPt  Cl^  and  KAuCl^-  We  are 
analysing  a  dataset  from  crystals  soaked  in 
^^'KbpNtinum  complex. 


EFFECTS  OP  I^ASPARTATE  OH  CEIiULAH  no'*',ir*'  AHD  Cl“ 
ACTIVITIES  m  RETZIUS  KERVE  CEHS  OP  THE  1H3CH 

P.deaerikle.V.Hodel.ikov  and  B<Belealin,Dept.  of 
Paih.Faysioiogy, Med, Paculty.Beograd, Yugoslavia. 

Effects  of  lO'^H  aspartate  were  studied  on 
cellular  activities  of  £otassiun,(K''')i,sodiu=, 

(Ha  )i,ond  chloride, (Cl  )i,in  Retziua  nerve  cell 
of  horae  leech(Haeaopis  sanguisuga) .Cellular  ion 
activities  were  deterained  with  selective  aicro- 
electrodes  using  liquid  ion  exchangers  for  K  jHa* 
and  Cl-.At.reatlng  neabrane  potential  of  -42.8  + 

1  oa  —If  02  .  fi  a  — M  .....  o  .  T  ^ 


aeabrane  potential  by  15*5  +  1*5  oV.After  recove¬ 
ry  nenbrane  potential  transiently  hyperpolarized 
by  -6.2  +  0*77  nV.acposure  to  l-aspartate.decrea- 
sed  (K  )i  by  10.6  +  2*04  i&M, increased  (IJavi  by 
9*12  +  2*55  tiM  and^increased  (Cl“)i  by  20,6  +  1*6 
nK  with  complete  recovery.In  Na-free  Ringer 
-Cl  substitution)  depolarizing  effect  of  l-aspar- 
tate  on  nenbrane  potential  was  significantly  re¬ 
duced  to  5  +  1*2  aV.without  change  in  (Na"*")! 
which  decreased  in  !ttis-Ringer  to  1*96  +  0*51  nM. 
The  data  suggest  that  l-aspartate  increases  oen- 
brane  peraeability  to  Ha'*'  with  subsequent  influx 
of  Ha'*'  into  the  cell, while  and  Cl  seems  to  be 

passively  redistributed* 

(Supported  by  the  Research  .Council  of  Serbia) 


KINECTidS  OF  OSMOTIC  WATER  TRANSPORT  IN  SICKLE 
CELLS.  (j.T.  Craescu*  and  R.  Cassoly*.  *Un£t6  IKSEBM 
'"'‘ITT 9 1 ,  irp .  H.  Mondor,  Crdteil,  France  and  ^Inat. 

Physico-chioiguc,  Faria,  France. 

'  The  results  of  stopped-flov  studies  on  kine 
tics  of  osmotic  water  transport  in  sickle  cells  as 
compared  to  normal  erythrocytes  arc  presented.  The 
inward  osmotic  water  permeability  is  similar  in 
sickle  cells  and  normal  red  blood  cells.  In  con¬ 
trast,  outward  water  flux  is  significantly 
('v  38?)  decreased  in  sickle  cells.  Deoxygenation 
does  not  modify  the  water  influx  in  either  types 
of  cells  but  considerably  accelerates  the  rate  of 
water  efflux  in  sickle  cells.  No  significant  va¬ 
riation  of  water  transport  kinetics  was  observed 
in  density  separated  cell  fractions  of  either  types 
The  results  may  be  explained  by  differences  in 
hemoglobin  membrane  interactions  and  not  by  the 
direct  consequence  of  changes  in  the  intrinsic 
properties  of  the  membrane. 


DIPHTHERIA  TOXIN  TRANSPORT  ACROSS  MEMBRANESi 
EVIDENCE  FOR  TOE  ROLE  OF  A  PORE. 

B.L. Kagan.  P.Boquet,  and  M.Moynihan,  Dopt.of 
Psychiatry,  Univ.  of  Calif,  at  Los  Angelos,  USA, 
Dept,  de  Hicrobiologio,  Institut  Pasteur,  Paris, 
Franco,  and  Dept,  of  Plant  Breeding,  Cornell  Univ, 
Ithaca, N.y., USA. 

The  cytotoxic  action  of  diphtheria  toxin 
(MW  62,000)  requires  that  its  enzymatic  A  fragment 
(MW22,000)  traverse  a  membrane  in  order  to 
inactivate  its  biologic  target,  elongation  factor 
2.  It  has  been  suggested  previously  that  a 
large  aqueous  pore  formed  by  the  845  (MW  23,000} 
portion  of  diphtheria  toxin  is  involved  in  the 
transport  of  fragment  A  across  the  membrane*  We 
show  that  when  diphtheria  toxin  or  CRM  45  (  a 
mutant  toxin,  KW45,000)  consisting  of  a  normal  A 
fragment  plus  B45)  is  cxpoied  to  lipid  vesicles 
under  conditions  which  permit  pore  formation,  a 
sianiflcant  fraction  (10-31%)  of  the  fragment  A 
enzymatic  activity  becomes  protected  from  the 
action  of  extravcsicular  protease.  This 
protection  occurs  only  in  the  presence  of  vesicles 
made  with  a  lipid  composition  that  allows  pore 
formation.  Fragment  A  alone  is  not  protected. 

The  results  suggest  that  the  B45  pore  can  mediate 
the  transport  of  fragment  A  across  a  lipid 
bilayer  membrane. 


RAPID  RELEASE  OF  OCCLUDED  AND  FROM  THE  NA  PUMP. 
8.  Forbush  III.  Valo  Univ.  Sch.  Med.,  NQ^^|javQn« USA. 

The  rate  of  roloaso  of  tightly  bound  (or  ^%b)  from 
Na,K-ATPase  was  examined  with  16  ms  timo  resolution  using  a 
rapid  filtration  apparatus  (Forbush,8iophysJ.,^,76a,l9B3). 
In  the  presence  of  100  nM  Na,4  mM  ATP»0.3  nil  free  Mg*^,25  mM 
inidizolc«pH  7.2  at  20*^0,  was  released  from  the  occluded 
state  with  a  cate  constant  of  -  4$  and  was  re¬ 
leased  with  a  rate  constant  of  -  19  s*"^.  in  one  experiment 
the  rate  constant  was  22,  46,  7),  and  160  s"*  at  15^, 
20^,  and  37®C  respectively.  Generally  t)w  time  cour¬ 
ses  are  best  fit  by  a  double  exponential  (with 
The  roleas?  of  either  cation  is  stinulatevi  by  ATP  with  a 
Kj /2  of  0.4  mM  and  by  ADP  with  a  Kt  ,2  the 

presence  of  ATP»  free  Mg**  is  stimulatory  below  300  pM, 
presumably  by  formation  of  Mg  ATP  and  it  is  inhibitory  at 
higher  concentrations:  with  ADP,  Mg**  is  only  inhibitory 
(76%  inhibition  at  3  roM  free  Mg**).  In  the  presence  of  Na 
Mg  Pu ,  the  rate  of  do-occlusion  is  -  6  s’*  for  either 
or  ^^b;  however  w)»n  the  MgPj  dissociation  nedluo  contains 
K*  (K|/2  **  Rb*  but  not  Na*  the  time  course  is 

very.turkedly  biphasic,  with  a  second  phise  rate  constint  - 
I  s’^.  Stabilization  by  KPj  is  in  igreoment  with  recent 
observations  of  I.M.  D.E.  Richards  (I.  Physiol., 

in  press).  By  Including  in  the  dissociation  modiun  for 
<  1  8,  following  occlusion  of  unlabeled  Rb,  it  is  found  that 
the  cations  responsible  for  stabilization  are  themselves 
occluded.  The  results  are  quantitatively  consistent  with 
the  occluded  state  as  an  intermediate  in  the  norcvil  cycle  of 
the  Na*  pus^i  and  with  non-idintity  of  multiple  K*  sites. 


KINETICS  OF  THE  ELECTROCENIC  PROTON  PIW  OF  NEUROSPORA 
D.  Sanders  and  C.L.  Slayoan,  Department  of  Physiology^  Yale 
University  School  of  Medicine.  Now  Haven,  CT,  USA 

The  steady-state  current-voltage  (I-V)  relation  of  the 
Ncurospora  plas&a  mccDhranc  can  be  dissected  with  a  reaction 
kinetic  taodel  to  reveal  the  activity  of  the  primary  electro- 
genic  proton  putsp.  Pump  current  was  found  to  be  considerabl) 
cx>rc  sensitive  to  lowering  of  intracellular  pH  than  to  equi¬ 
valent  changes  in  extracellular  pH,  even  though  the  shift  in 
pump  reversal  potential  in  each  case  agrees  closely  with  the 
theoretical  value  of  69  mV/pH  unit.  The  contrasting  kinetic 
effects  of  extra-  and  intracellular  pH  can  be^accomnijdated 
by  a  single  4-state  carrier  loodel  in  which  [h  J  ,  (h  j.  and 
mec^rane  potential  all  act  on  different,  discrete  reactions. 
The  reaction  constants  derived  from  fitting  the^oodel  to  the 
I-V  data  yield  notably  low  apparent  pK  's  for  H  binding: 

2.9  and  6.4  for  the  CAternal  and  internal  sites,  respective¬ 
ly.  The  following  testable  predictions  also  emerge  from  the 
model.  (1)  Alkaline  shifts  of  extracellular  pH  from  the 
control  value  of  5.8  should  have  no  discernable  effect  on 
the  tDcmbrane  1-V  relation  between  -300  and  0  mV.  <2)  Rais¬ 
ing  intracellular  pH  should  result  in  a  decrease  in  pump 
short-circuit  current  in  approximate  proportion  to  the  chanp? 
in  [h  j.  Both  predictions  were  verified  experimentally.  A 
third  prediction  concerning  the  pK  sensitivity  of  in  vitro 
punp  activity  (as  an  ATPase)  is  in  accord  with  cxpVfimtntal 
data  above  pH  7  (where  activity  falls  as  a  function  of 
increasing  pH)  but  not  below  pH  7  (where  the  model  predicts 
a  more  acid  pH  optimum  than  is  found).  The  latter  discrep¬ 
ancy  could  be  due  to  acid  inactivation  of  isolated  enzvme. 
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WICM,  HEMBRSNE  POTASSIUM  PERHEABILIIV  IN  SURFACE  CELIS  OF 
RABBIT  {^E2a>ZNG  COLCIJ.  NJ<.  Wills  and  W.  Clauss.  Dept.  o€ 
Physiology,  Yale  Ualv.  ScTiool  ^iT  Medicine,  Kew  Haven  ,  Ct. 
06S10,  U.S.A. 

ihe  rabbit  descending  colon  possesses  two  oppositely 
directed  active  transport  systems:  an  absorptive  ^steo 
and  a  secretory  one  (Wills  and  Biagi,  ^  Menb.  Biol. 
64:195).  Ihe  present  study  investigated  the  possible  parti- 
clpation  of  surface  cells  in  active  K'*'  transport  by 
assessing  the  K**  permeability  of  these  cells  using  convene 
tional  and  K^»sensitive  intracellular  nicroelectrodes.  To 
deteroine  whether  uptake  can  occur  across  the  apical 
aeabrane,  cells  were  initially  depleted  of  by  bathing 
the  epithelium  with  K'*'-free  solutions  containing  10“^M 
ouabain.  Under  these  conditions  intracellular  potassium 
activity  (a^K)  fell  to  less  than  5+1.7  oM.  After  restora- 
tion  of  (7  bM)  to  the  cucosal  ba*&,  a^K  increased  to  17+ 
2.1  aK  (n«6)f  a  value  larger  than  predicted  by  passiv? 
distribution.  Alternatively,  a  eucosal  solution  which  con¬ 
tained  143  aM  and  no  Na'^,  led  to  an  alaost  conplete 
recovery  of  the  basolateral  aeabrane  potential  (-4^2.6 
aV)  within  20  minutes,  indicating  restoration  of  intra^l- 
lular  levels.  We  conclude  that  surface  epithelial  cells 
arc  peraeable  to  and  possess  an  active  uptake  transport 
aechanisn  for  this  ion  in  their  apical  aeabranes. 
Consequently,  surface  cells  may  play  an  important  role  in 
the  mediation  of  active  transport  across  the  colon. 
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HYDROLYSIS  OP  EPITHELIAL  Na'*'  CHAINELS  BY  ATJ  e.TOGesCUS 
URINARY  TRACT  ENZYME.  S.A.  Lewis,  W.P.  Allos.  Dopt,  of 
Physiol.  Yale  Hed.  Scf^  New  Haven/  CP  06510. 

During  an  cxpansion/contraction  cycle  of  the  rabbit 
urinary  bladder/  vesicles  are  moved  into  and  out  of  the 
apical  aesbrane  to  acconocbte  changes  in  urine  volume.  Na*^ 
channel  density  is  greater  in  the  vesicles  than  the  apical 
menbrano/  indicating  a  loss  of  channels  once  vesicles 
fused  into  the  apical  membrane.  Such  a  loss  could  bo  by 
aging  or  enzymatic  hydrolysis.  Mammalian  urine  (as  well  as 
anphlbian  and  reptilian  urine)/  is  known  to  contain  uro¬ 
kinase/  a  proteolytic  enzyme  secreted  by  distal  segments  of 
the  kidney.  Addition  of  human  urokinase  to  the  mucosal 
solution  of  the  bladder  resulted/  over  a  2  hcxir  period/  in 
a  63%  reduction  in  aailoride  sensitive  current.  When  amil- 
oride  was  in  the  auscosal  solution/  urokinase  caused  only 
an  11%  reduction  in  amiloride  sensitive  current  indicating 
aailoride  protects  the  channel.  Urokinase  has  multiple 
sites  of  action  which  results  in  channels  that  are:  i) 
amiloride  sensitive  but  poorly  selective/  ix)  loss  of 
selectivity  and  aailoride  binding/  and  iii)  as  in  ii)  but 
unstable  in  the  membrane.  Aldosterone  stimulates  Na^ 
transport  by  activation  of  quiescent  channels  in  the  apical 
me:brane.  These  quiescent  cMnnels  seen  to  be  susceptible 
to  urokinase  hydrolysis.  Such  endogenous  enzymes  night  bo 
another  factor  which  regulates  ico  transport  across  epithe- 
lia. 
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LIPID  DISTRIBUTION  IN  SPIN  LABELED  SR  AS  DETERMINED  BY 
PARAMAGNETIC  BROADDJINC  AGENTS.  C.Coan.  Physiology  Dept., 
U.  of  the  Pacific  Dental  School,  San  Francisco,  CA.  U.S.A. 

The  distribution  of  a  stearic  acid  spin  probe  between 
the  Inner  and  outer  leaflets  of  the  SR  bllayer  Is  deter** 
alned  by  the  accessibility  of  the  probe  to  Nl'EDTA,  a  spin 
broadening  agent.  The  spin  probe  used  contains  the  spin 
moiety  on  the  4th  catbon  from  the  carbonyl  group,  and  is 
known  to  Incorporate  into  SR  with  the  spin  moiety  at  the 
metabrane-solvent  interfaces.  Nl'EDTA  does  not  penetrate 
SR  vesicles,  and  thus  the  fraction  of  spin  probes  exposed 
on  the  exterior  Interface  can  be  determined  directly  by 
titration.  Vo  find  this  fraction  to  be  352.  On  the  other 
hand,  when  Ki^'^  is  allowed  to  freely  enter  the  vesicles  by 
use  of  Che  ionophore  X-537A,  all  spin  probe  signal  Is 
reduced,  indicating  that  all  probes  are  on  either  the 
inner  or  the  outer  interface.  Controls  indicate  that  the 
probe  is  evenly  distributed  among  the  fluid  lipids  in  the 
bilayer,  suggesting  a  3SZ  outer  to  6SZ  inner  assymetry. 

This  Is  in  accordance  with  observed  ATFase  assymetry  favor* 
Ing  location  of  the  enzyme  on  the  vesicular  exterior. 

ECTA  and  Ca^'*'  do  not  compete  with  ^TA  for  N1  and  thus 
ve  have  been  able  to  probe  the  effect  of  ligand  binding 
to  the  ATPase.  Ve  find  a  52  increase  in  the  protected 
fraction  of  apln  probe  on  enzyme  phosphorylation  vlch  P^, 
indicating  a  change  In  the  macromoleculsr  conformation 
which  affects  the  lipid  phase  at  this  step  in  the 
enzymatic  cycle. 
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GASTRIC  EUCTROCENIC  TRANSPORT  SYSTEMS  AND  THE  PROTON  PUMP. 
iti  S.  Rehm.  G,  Carrasquer,  and  M.  Schwartz.  Depts  of  Medicine 
snd  Physics,  Univ.  of  Louisville,  Louisville,  KY.  USA 

Studies  on  the  H-K  ATPase  in  vesicles  Indicate  that  the  H 
?uap  Is  electroneuCral  while  studies  or  Intact  tissues  (e.g,, 
xhe  in  vitro  frog  mucosa)  indicate  that  it  Is  electrogenic 
'(EG).  Inhibition  of  H  secretion  usually  results  In  an 
jlncrease  in  R  (resistance)  and  FO  which  supports  EG  concept. 
Pertinent  to  interpretation  of  AR  are  1)  change  in  area  of 
the  linen- facing  membrane  (LIM)  per  so  gives  no  change  in  R 
nd  2)  pathways  parallel  to  the  acid  secreting  cells  (A$C> 
avo  a  high  R  (e.g.  2000  ohai  ca^)  while  the  R  via  the  ASC  is 
low.  Ba  on  the  serosal  side  does  not  change  H  rate  but 
increases  R  (c.g.,  100  to  SOO  ohm  ea^)  by  blocking  the  K  path 
way  of  serosal  membrane  <SM).  Inhibition  of  H  secretion  by 
SCN  or  omeprazole  in  presence  of  Ba  decreases  R  (e.g.,  800  to 
300  ohm  cm‘).  During  secretion,  the  R  of  LFM  <  ICO  oha  ca2, 
hence,  above  decrease  in  R  (In  Ba)  1$  due  to  the  decrease  in 
R  of  SM.  Proalnent  In  the  4R  is  a  decrease  in  R  of  the  EG 
NaCl  syaport  In  SM.,  In  absence  of  Ba  (normal  K  conductance 
of  8M)  a  small  decrease  in  R  of  SM  is  expected.  Hence,  inhi¬ 
bition  of  acid  secretion  produces  an  Increase  in  R  of  LFM. 

As  predicted  by  the  EG  theory  the  PD  is  inverted  in  Cl-free 
media  (serosal  becomes  negative)  and  inhibition  of  H  rate  in 
both  Cl  and  Cl-frce  media  increases  P0«  Others  use  a  aodel 
with  *  K  diffusion  potential  fron  cell  to  luaen  to  account 
for  both  the  inverted  PO  and  change  in  PD  with  Inhibition  of 
H  secretion.  Uith  high  K  on  the  luaen  side  (106  aH)  Inhibi¬ 
tion  gives  typical  dPD  thereby  negating  the  above  model. 

NSF  support. 
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THERMODYNAMIC  PROPERTIES  AND  MOLECULAR  STRUCTURES  OF 
TRIPHOSPHOINOSITIDE  AND  ITS  ASSEMBLY 

Y.  Nakata.  Y.  Takano,  S.  Yabuki,  T.  Takirawa  and  K.  Hayashi, 
Faculty  of  General  Studier,  Gunma  University,  Maebashi, 
Gunaa,  Japan. 

In  order  to  clarify  the  molecular  basis  of  nerve 
excitation,  the  thermodynamic  properties  and  molecular 
structures  of  Trlpho8phoinositide(TPI)  and  Its  as&cably  were 
investigated  by  three  methods.  (1)  The  conformation  of  the 
head  group  of  a  TPI  molecule  was  studied  by  seel-empirlcal 
energy  calculation.  It  1$  predicted  that  a  stable 
conformation  of  the  head  group  looks  very  similar  to  the 
structure  of  GlycerylphosphotylethanolaminefGPE)  found  in 
its  crystalline  state.  (2)  The  molecular  organization  of 
TPI/water  system  was  studied  by  using  X-ray  diffraction 
method.  The  repeat  distance  of  the  lamellar  structure 
increases  from  60  to  120a  with  the  change  of  water  content 
from  0  to  402.  In  the  presence  of  Ca**,  the  repeat  distance 
remains  almost  50A  independent  of  water  content.  (3)  The 
interaction  between  TPI  molecules  and  Ca^^  ions  were  also 
studied  by  calorimetric  method.  The  mixing  enthalpy  per  mole 
of  TPI  is  always  positive  at  any  concentration  of  CaCl2. 
This  result  indicates  that  water  molecules  penetrate  not 
only  between  lamellae  of  TPI  molecules  but  also  into  ihetr 
hydrophobic  interiors.  It  Is  suggested  that  TPI  molecules 
may  pla^  a  role  of  an  ionic  channel  in  excitable  membranes 
when  Ca  ions  are  released. 
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LIGHT  SCATTERING  CHANGES  DURING  THE  PHOTOCYCLE  OF 
BACTERIORHODOPSIN 

J.  Cz6g6,  Institute  of  Biophysics,  Biological 
Research  Center,  Hungarian  Academy  of  Sciences, 
Szeged,  Hungary 

Spectroscopic  measurements  on  purple  membrane 
suspension  are  disturbed  by  the  light  scattering 
of  the  particles.  Systematic  study  of  the 
scattered  light  leads  to  the  result  that  the 
scattering  changes  during  the  photocyclo,  and 
this  Change  depends  on  the  flash  polarization,  pH, 
and  the  solvent  viscosity.  A  theoretical  model  is 
given  to  explain  the  experimental  data.  The  model 
asserts  that  the  purple  membranes  are  bent  and, 
during  the  photocyclo,  the  degree  of  bending 
varies  which  is  caused  by  the  conformational 
change  of  the  bactcriorhodopsln  molecules. 
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CONOUCTOKtTftIC  K£ASt^?£KcfJTS  OF  lOfJ  SHIFTi,  SfGAft 

TRANSPORT  IH  YEAST 

A.  totyk.  institute  of  Microbiology,  Czechoslovak  Acadeoy 
of  Sci^.ces,  142  20  Prague,  Czechoslovakia 

Yeast  suspension  conductivity  was  fseasured  at  tjO  Hz 
when  the  cellsdo  not  contribute  to  the  R«asured  values. 
Hydrogen  ion  roveisent  into  colls  in  sywport  with  organic 
nutrient  roteculi<s  could  be  d^nstrated  more  convincingly 
than  by  following  changes  (greater  sensitivity  even  at 
low  pH,  virtually  no  dead  ti«e  of  the  rjeasuring  device).  In 
the  yeast  i^odotoruia  ^iutinis  uptake  of  nonroetabol tzable 
monosaccharides  was  accompanied  by  a  ainuto  alkalification 
of  the  medium  but  by  a  pronounced  relative  decrease  m  con¬ 
ductivity  although  it  was  clear  that  H*  ions  synported  with 
the  sugar  were  not  accompanied  by  chloride  or  other  amons 
to  maintain  electroneutral ity  but  rather  exchanged  for  in¬ 
tracellular  cations,  especially  K*.  In  baker's  yeast  sac- 
ch<.^<xnyccs  cerevisiae  no  changes  in  eitnor  pH  or  conducti¬ 
vity  were  observed  on  adding  monosaccharides  (0-xylose,  D- 
arabinose,  O-galactose),  in  kceprng  with  their  being  trans¬ 
ported  by  a  nediatoy  diffusion  syst^  not  involving  any  H* 
or  other  lon  shifts.  Addition  of  metabolizable  nonosacchar- 
idcs  (0-glucose,  O-fructose)  caused  a  transient  increase  in 
conductivity  (30  s  at  25  ®C),  followed  by  a  pronounced  drop 
<2-4  mini  and  finally  by  a  prolonged  increase,  lasting 
for  i  -  3  h,  depending  on  cell  and  sugar  concentration.  Only 
this  lest  part  was  related  to  an  Increase  m  H*  concentra¬ 
tion,  the  pronounced  drop  being  apparently  due  to  a  massive 
inflow  of  K*  (and  Cl”)  from  the  medium  into  celts. 
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BINDING  OF  PHORBOL  ESTERS  TO  HUMAN  BLOOD  CELLS 

S.  Pccar,  M.  Nemec,  M.  Schara  and  E.  Hecker^ 

J.  Stefan  Inst.)  E.  Kardelj  University  of  Ljubljana) 
Yugoslavia,  ^Inst.  for  Biochemistry,  DKF2,  Heidelberg, 

FR  Germany. 

Phorbol  esters  are  potent  irritant  and  tumor 
promoter.^  especially  12-0-tetradecanoylphorbol-20-0- 
acetato  (TPA).  The  fatty  acid  at  position  12  of  the  phorbol 
moiety  was  replaced  by  spin  labeled  fatty  acids  to  get 
spin  labeled  TPA  analogs.  They  had  irritant  and  tumor 
promotion  activity.  Those  molecules  were  used  to  study 
the  binding  properties  of  TPA  analogs  to  human  blood 
cells  membranes.  The  partition  cooHicient  were  measured 
by  the  method  of  successive  cell  washing.  Larger  values 
for  the  partition  coefficient  -  membrane/buffer  solution 
were  found  for  leucocytes  as  for  erythrocytes.  Also  the 
anchoring  of  the  jAorbol  moiety  to  the  membrane  surface 
was  separated  from  the  binding  related  to  the 
hydrophobicity  of  the  fatty  acid  residues. 
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DIRECT  EVIDENCE  OF  POST-ALBERS  MECHANISM  IN  Na*,  ¥*  DEPENDENT 
ATP  HYDROLYSIS, 

K.  Taniguchi.  K.  Suzuki,  D.  Kax,  K.  Toaita  and  S.  Ixda, 
Dcpartacnc  of  Pharmacology,  School  of  Dentistry.  Hokkaido 
University,  Sapporo  Japan. 

The  addition  of  ATP  with  K*  in  the  presence  of  0.43  toM 
Mg2*  and  0.$4  M  Na*  to  pig  kidney  Na*,  K*-ATPa8e  toodified 
with  N*’(p-’(2‘'BenziQxdazoiyl)phenyl]Baleitaide  <J,  Bxochera.  BS, 
609,  1980)  induced  a  transient  decrease  (tj*0.0l  s)  xn  the 
fluorescence  followed  by  a  slow  increase  (tj*0.07  s>  to  give 
a  higher  steady  level  than  a  level  observed  (J.  Bxol.  Ckem. 
258,  6927,  1983)  without  K*.  The  addition  induced  a  transient 
increase  (tj<0.02  s)  in  the  amount  of  phospboenzyex:,  followed 
by  a  slow  decrease  (l^"0.07  s),  but  the  addition  without  K* 
induced  a  tennophasic  increase  <ti*0.02  $).  The  addition  of 
ATP  in  the  presence  of  !  oM  Ca^*  with  2  M  Na*  induced 
monophasic  decrease  <t|*0.1  s)  in  the  fluorescence  with  ouch 
slower  increase  (tj*0.S  s)  in  the  amount  of  phosphoenzyme. 
Simultaneous  presence  of  ATP,  Na*  .and  or  Ca^^  was  pre¬ 
requisite  to  above  dynamic  changes.  The  data  indicated  the 
formation  of  a  dephosphoenzyae  (ES*)  which  contains  divalent 
cation,  ATP  and  Na*  preceding  the  formation  of  ADP-sen$itive 
phosphoenzyme.  The  relative  fluoreucence  intensity  of  phospho 
and  dcpho’iphoenzymes  and  the  amount  of  ihosphoenzyac  (J. 

Chem,  257.  10659,  1982)  permitted  the  si^wlatlon  u’^ioe 
the  reaction  roechani‘>m  Including  ES*,  ADP- sensitive  phospho- 
vnzj'Tre,  K*-sensil£ve  phosphoenzyme  and  K*  bound  enzyme. 

The  siEmilation  gave  a  good  fit  to  the  experimental  data  which 
show  that  ATP  is  hydrolysed  through  above  intermediates  in 
sequence  in  the  prtsence  of  bs>th  Na*  and  K*. 
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pH  HOMEOSTASIS  OP  A  FACULTATIVELY  ALKALOPHILIC 
BACILLUS 

H,  Koyana,  Y.  Ishikawa  and  Y.  Hosoh.  Laboratory  of 
Natural  Products  Chaaistry,  Tokyo  Institute  of 
Technology,  Yokohama,  Kanagawa  227,  Japan 

A  facultatively  alkalophilic  Bacillus  grows  in 
the  range  of  pH  7.0  to  10.5,  and  exhibits  almost 
the  same  growth  rate  over  a  pH  range  from  7.5  to 
10.2.  When  the  culture  pH  changed  from  10.2  to 
7.5,  the  growth  of  the  bacteria  stopped,  but  the 
addition  of  5  oM  KCl  to  the  culture  recovered  the 
growth.  When  5  oM  KCl  was  added  at  pH  7.5  to  the 
bacteria  grown  at  pH  10.2,  H'*'  efflux  accompanied 
by  K"**  influx  were  observed.  The  internal  pH  of  the 
bacteria  suspended  in  buffer  containing  40  cM  HaCl 
increased  from  6.8  to  8.9  on  changing  the  external 
pH  from  7.5  to  10.0  in  the  absence  of  KCl.  In  this 
external  pH  range  with  5  oM  KCl,  the  internal  pH 
changed  from  8.3  to  9.3,  and  the  internal  pH  was 
higher  or  lower  than  the  external  pH  below  or 
above  pH  8.4  (external),  respectively.  The  JpH 
(acid  interior)  of  membrane  vesicles  measured  by 
ib.uoresence  change  of  amlnoacridine  was  almost 
constant  up  to  pH  8  (external)  and  rapidly  increa¬ 
sed  above  pH  8  in  the  presence  of  50  oMNaCl.  In 
the  presence  of  50  nM  KCl,  the  pH  change  was 
small.  The  following  mechanism  of  pH  homeostasis 
for  the  bacteria  was  suggested:  the  internal  pH 
may  probably  be  increased  by  KT]  above  pH  8 
(external)  and  decreased  by  Na'*'  above  pH  8. _ 
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THE  EFFECT  OF  METABOLIC  OEPLtTIOH  ON  THE  MODES  OF  OPERATION 
OF  THE  FUROSEMIOE-SENSITIVE  Na*,K*.Cr  CO-TRANSPORT  IN  HUMAN 
ERYTHROCYTES.  6.  DASHER*,  C.  BRU6NARA.  H.  CANESSA 
*IHSERH  U7,  Meeker  Hospital ,  Pans,  France 
Oept  of  Physiology,  HarvardMedical  School,  Boston  MA0211o. 

Red  blood  cells  from  3  subjects  were  fcetabolically  deple¬ 
ted  by  starvation  (12-15  hrs).  Cation  content  was  then  modi¬ 
fied  with  nystatin.  ATP  depletion  (70  prwles/l.cell)  induced 
(i)  a  decrease  (60  ♦  22  %)  in  the  maximal  velocity  of  the 
furosemide-sensitive  (F-S)  Na*  and  K*  efflux  into  choline  or 
Nd+  media  without  alteration  of  the  affinity  for  internal  Na«, 
(il)  a  decrease  (70  ♦  21  %)  in  the  F-S  Na*  and  K*  influx  (Nad 
125,  Ko  20  rM)  into  cells  containing  20  upoles/l.cell  of  Nai. 
Thus  the  net  Na+  efflux  and  the  net  K*  efflux  were  reduced  by 
65  ♦  25  %.  The  affinity  for  external  K+  to  inhibit  Na  efflux 
was“narkedly  increased  and  the  Ko-stimulated  Na*  influx 
and  the  Nao  •  stimulated  K*  influx  was  reduced  by  65  *  25!^ 
after  ATP  depletion. 

The  trans-inhibition  of  the  F-S  Na*  efflux  by  Nao  and  Ko  and 
the  cis-stinulation  of  the  K*  efflux  by  Nai  is  similar  in 
percentage  In  control  and  metabolically  depleted  cells. 

This  observed  decrease  in  Na  and  K  efflux  was  not  consequent 
to  the  increased  of  GSSH  levels  and  could  be  reversed  by  in¬ 
creasing  ATP  back  to  normal  levels. 

These  results  suggest  that  metabolic  depletion  reduced  the 
turnover  rate  of  the  Na*,K*-cotransport  system. 
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ADVANTAGES  OF  NUTRIENT  TISSUE  CULTURE  MEDIUM  IN 
THE  STUDY  OF  RAT  INTESTINAL  TRANSPORT,  P.T. BEALL, 
Basic  Pharmaceutics  research, CIBA-Geigy»Ardsley, 
New  York, 10502, USA 

In  studies  of  rat  jejunal  transporting  epithe¬ 
lium, nutrient  medium  such  as  Leibovitz  L-15  tissue 
culture  medium  (GIDCO) ,  is  superior  to  classical 
balanced  Ringer's  solutions  at  three  levels  of 
exporxincntation.  L-15  medium  contains  a  mixture  of 
amino  acids, vitamins, and  cofactors,  galactose  as 
an  energy  source,  and  a  buffer  system  in  equili¬ 
brium  with  air,  (A)  For  IN  SITU  open  loop  perfu¬ 
sions  of  rat  jejunum,  Ringer's  solutions,  even 
those  containing  Ca*‘^,Mg*^,  AND  DEXTROSE, support 
water  absorption  in  the  0.2^  O.l  ml/min/gm  dry 
tissue  range.  L-)5  routinely  supports  0.4*  0.1 
ml/min/gm  levels  for  up  to  four  hours.  (B)IN  VITRO 
preparations  of  jejunum  in  Ussing  chambers  with 
L-15  support  stable  values  of  tissue  resistance, 
short  circuit  current,  and  sodium  flux  for  up  to 
four  hours  compared  to  a  constantly  declining 
value  in  Ringer's.  (C)  ISOLATED  ENTEROCYTES  main¬ 
tain  85%  trypan  blue  dye  exclusion  for  three  hrs. 
in  L-15  bubbled  with  10?%  Oj, compared  to  30% 
viability  of  cells  in  Ringer's.  It  appears  that 
intestinal  enterocytes  function  better  in  medium 
which  mimics  the  nutritional  contents  of  the 
lumen  rather  than  in  solutions  mimicing  the  bleed 
scrum. Partially  supported  by  the  Office  of  Naval 
Research. 
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STUDIES  OF  iOSOCLOSAL  ANTIBODY  EFFECTS  ON  LAMB 
Na+,K*'-ATP«SI!  FUNCTION.  Mllllaa  J.  Ball,  Jr.,  Dept,  of 
Pharoacology  and  Cell  Biophysics,  Unlv.  of  Cincinnati 
College  of  Hedlclnc,  Cincinnati,  Ohio  45267  U.S.A. 

Monoclonal  antibodies  can  serve  as  unique  probes  of  spe¬ 
cific  regions  of  eeabrane  bound  enzyaes.  Several  oonoelo- 
nal  antibodies  have  been  prepared  against  the  purified  laab 
kidney  (aedulla)  Ma'^,K^-ATPase.  Binding  studies  using  an 
ELISA  type  of  surface  adsorption  assay  have  shown  these 
antibodies  to  be  sensitive  to  soae  conforaatlonal  changes 
and  species  variations  in  this  enzyaes  (Ball  et  al..  BBA 
719,  413,  1982).  In  addition,  two  of  these  antibodies  have 
been  found  to  inhibit  the  ATPase  activity  by  altering  ATP 
binding  to  the  enzyaes  even  though  they  bind  to  different 
antigenic  regions  of  the  catalytic  subunit.  These  two 
antibodies  also  alter  ATP-aedlated  increases  in  the  enzytae 
affinity  for  the  cardiac  glycoside  ouabain.  Antibody 
M7-PB-E9  in  the  presence  of  Kg^"*"  can  stltculate  the  rate  of 
ouabain  binding  to  the  enzyse.  It  appears  to  cause  an 
"ATP-llke“  conforaatlonal  change  In  the  enzyae.  Thus,  spe¬ 
cific  aeehanlsos  for  antibody  effects  on  different  paraae- 
ters  of  enzyae  function  besides  its  catalytic  activity  can 
be  studied  using  monoclonal  antibodies.  (Supported  by  MIH 
grant  KL-24941  and  the  Aaerican  Heart  Association.) 
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THE  GRAMICIOINE  A  CHANNEL  :  THE  ENERGY  PROFILE  FOR  Na*  IN  A 
HEAO-TO-HEAO  BH  OIHER.  POSSIBLE  ROLE  OF  THE  ETHANOLAHIKE 
CND.  C.  Etchebest  and  A.  Pullrcan,  Institut  de  Biologfe 
Physico^thinique,  13  rue  Pierre  et  Marie  Curie,  75005  Paris, 
France. 

The  energy  profile  for  Ka*  was  first  corcputed  assuming 
the  channel  fomed  by  the  sole  backbone,  introducing  all  the 
terns  in  the  theory  of  intennolecuiar  interactions.  The 
effect  of  allowing  the  ion  to  reach  its  successive  optical 
positions  shows  the  presence  of  a  series  of  energy  ninica. 
The  presence  of  a  second  ion  lowers  the  central  barrier  for 
the  first  one  and  facilitates  its  progression  and  exit.  The 
enei^  profile  for  double  occupancy  indicates  two  syrmetri- 
cat  Qiniraa  at  about  13  A  fnxa  the  center. 

The  effect  of  the  ethanolaraine  end  was  then  investiga¬ 
ted  for  single  occupancy  computing  the  total  inter-  and 
intra-Roiecular  terns  in  the  energy  of  the  systea  granici- 
d1n-Na^,  allowing  the  ethanoiaaine  end  to  adopt  its  rsost 
favourable  confomations  during  the  progression  of  the  ca¬ 
tion  in  the  channel.  The  resulting  deepening  and  displace¬ 
ments  of  the  rainina  will  be  discussed. 
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THE  DEPOLARIZED  P0TAS3IUK  CURRENTS  AND  THE  TIKE  DELAY 
Chun  Chianq.  Institute  of  Physics,  Acadenia  Sinica,  Nanfcang, 
Taipei,  Taiwan,  R.O.C. 

An  equation  with  five  expone.itial  terns  is  shown  to  be 
able  to  fit  the  depolariied  potassium  current  in  nerve 
membrane  with  different  initial  conditions.  This  equation 
has  molecular  basis  and  was  derived  with  the  assumption  that 
the  potassium  ions  are  transported  under  the  combined  forces 
(applied  electric  force,  dipole  force  of  the  membrane  matrix, 
diffusional  force,  friction  force)  via  the  Newton's  second 
law.  It  points  out  that  the  initial  chase  of  potassium 
current  may  take  different  form  according  to  different 
initial  conditions  and  the  usual  concept  that  potassium  con¬ 
ductance  have  a  tine  delay  may  be  ois-leading.  Unlike  the 
Hodgkin-Huxley  equation  which  can  only  fit  the  latter  part 
of  the  transient  current,  this  equation  with  a  given  set  of 
tine  constant  may  fit  the  whole  range  of  the  current  for 
different  initial  conditions. 
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CONDUCTIVE  AND  NEUTRAL  K  aUXES  ACROSS  THE  BASOLATERAl  MEK- 
6RANE  OF  A  SODIUM  TRANSPORTING  EPITHELIUM.  Thomas  C.  Cox. 
Department  of  Physiology,  Southern  Illinois  University 
School  of  Medicine,  Carbondale,  Illinois,  USA 

Host  models  for  ion  transport  across  Na  Transporting 
epithelia  predict  that  the  short  circuit  current  (Isc)  will 
be  equal  to  net  K  flux  through  conductive  pathways  In  the 
basolateral  nestrane  if  the  tissue  has  been  pretreated  with 
ouabain.  If  the  tissue  Is  bathed  in  K-free  Ringer,  K  loss 
from  the  cells  can  be  measured  as  the  increase  in  h  concen¬ 
tration  in  the  bathing  solution.  Isolated  epithelia  of  frog 
sxin  (Raij  plplensl  were  bathed  In  K-free,  Cl-free  (O.I  oH 
ouabain)  suiFate  Ptlnger  and  continuously  short  circuited. 

The  basolateral  solution  was  collected  at  2  minute  intervals 
and  assayed  for  K  by  flame  photometry.  The  collected  K  was 
converted  to  mlcroamps  (IK)  and  compared  directly  with  the 
average  Isc  for  the  2  minute  interval.  Isc  declined  with 
time  after  the  ouabain  treatment  so  that  IK  could  be  plotted 
versus  Isc.  IK  was  tightly  correlated  with  Isc  and  appeared 
linear  with  average  slope  of  0.95  t  .07  and  Intercept  of 
G.O  i  .5(13).  Addition  of  0.1  mM  anilorlde  to  the  apical 
solution  moved  IK  and  Isc  along  the  same  line.  In  addition, 
preliminary  experiments  in  Cl  Ringer  suggest  that  .02  mN 
bumetanide  decreased  the  elevation  of  the  IK  versus  Isc 
line.  The  nonzero  intercept  may  represent  the  value  of  a 
neutral  K  flux.  Assuming  that  under  these  conditions  no 
significant  Mrtion  of  Isc  Is  carried  across  the  basolateral 
meebrane  by  tons  other  than  K,  this  approach  provides  a 
powerful  way  to  distinguish  drug  effects  on  neutral  and  con¬ 
ductive  K  fluxes. 


190 

A  NDV  APPROAai  USING  SATURATION  TRANSFER-ELECTRON  PARA'ttG- 
.SETIC  RESOMINCE  IN  ANALYSIS  OF  MSfflRANE  PROTEINS  -  CRYO- 
PIOTECTANT  lOTERACriaS. 

M.A.Nimes.lab.of  Molecular  Biophysics. Institute  of  Biomedical 
Sciences .llSP-05508.Sao  Paulo. SP. Brazil. 

Glycerol  and  dimethyl  sulfoxidetMo-SO)  at  concentrations 
of  10Kv/v)in  phosphate  buffered  salin6(PBS)  solution, seen 
to  induce  protoin  confonaationai  changes  of  maloLmide  spin 
labeled  j^sts  sutaitlcd  to  temperature  loworing(ranging 
freo  -iZOVC  to  -20'C). Burying  of  protoin  -SII  groups  w.is 
obsctvod.but  during  phase  transition  a  minimization  of  pro¬ 
tein  conforontional  changes  scorns  to  occur, via  a  mechanism 
that  cannot  bo  considered  to  bo  tho  same  for  both  crycprotoc 
tive  agcnts(d'Avila  Nunos.subni tied) .Using  ST-EPR  and  carc-“ 
ful  spectral  analysis, the  behavior  of  C'/C  vs.teiporaturo 
suggests  significant  difforencos  botwoon  control  and  cxpori- 
nental  groups  .with  larger  motional  freedom  for  spin  labels 
of  tho  control  group.Uiring  phase  transition.ampliuido  atten 
nation  of  C'/C  variations  was  observed  when  glycerol  or 
.Nki-SOwas  present. linalysis  of  lino  wldth(Ail  )  of  naleimido 
spin  label (IBL)  spcctra(NBI,  in  PBS  solution)®during  tompera- 
turo  Icworing  from  *20*0  to  -9D'C  shews  a  linear  increase  of 
AH  .with  rotational  correlation  times  ranging  from  AxlO'H 
to  2xI0"lUs.At  -IS'C  an  inflexion  point  of  All  vs.tcnpcramirc 
was  detccted.with  431  increase  of  Ali  .At  -2Ssc  an  abrupt 
slope  change  suggests  phase  transition. However, for  tempera¬ 
tures  rn  the  range  of  -SS’C  to  -90'C  there  is  a  line  width 
decrease. suggesting  that  >KL  could  bo  rotating  inside  a  clath 
rate  cage. 

_ Research  supported  by  F.vrLSI'.CT*Q  and  FINEP. 
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^%a-(HR  MEASUREMENT  OF  INTRACELLULAR  SODIW  IN  RABBIT  RENAL 
PROXIMAL  TUBULE-THE  KINETICS  OF  NET  Na*  FLUXES 
H.O,  Avison,  T.  Ogino,  S.R.  Gullans,  G.  Giebisch  and  R.G. 
5hulman,  depart/rents  of  Molecular  Biophysics  &  Biochemistry 
and  Physiology,  Yale  University,  New  Haven,  CT  06510. 

Using  ‘^Na-NMR  we  have  been  able  to  resolve  the  intra- 
and  extracellular  Ha^  pools  in  rabbit  renal  cortical  tubule 
suspensions.  The  tubules  were  isolated  by  collagenase 
infusion  of  rabbit  kidneys,  then  washed  and  purified  in 
Ringer’s  solution.  A  final  wash  was  wrfontied  In  a  nodified 
Ringer's  solution  containing  the^shtft  reagent  dysprosium 
tripolyphosohate  and  Zen  Ca^*.  ^'^Na  NMR  spectra  were 
obtained  using  a  Bruker  HH  360  wide  bore  spectrometer  with 
a  20  m  probe  tuned  to  94.26  KHz.  In  tubules  incubated  with 
the  shift  reagent  Ringer,  cellular  ATP  was  slightly  depleted 
with  respect  to  controls  (7.4  ^0.1  vs.  8.3  ♦  0.2  nmol  ATP/ 
mg  protein),  however  the  respiration  rates  were  identical 
(26.1  ♦  1,1  nmol  02/nq  protein-min  shift  reagent).  The 
Intrac^lular  Na^  pool  was  lOOX  WR  visible,  and  its  size 
was  185  (♦  10)  nmoles/mg  protein,  or  45  ♦  5  inH.  Addition 
of  lO'^H  ouabain  caused  an  initial  rapid'^increase  in  Na^t 
(f  43  >  2X  in  2  1/2  minutes)  followed  by  a  slower  rise 
(♦lOOX^SO  nin  after  addition).  Hystatin  (0,4  og/ol)  results 
in  a  4-fo1d  increase  in  Na^f  In  10  minutes.  He  have  also 
observed  a  ranid  K*^*dependent  reduction  in  Na^i  following 
addition  of  K*  to  K^-depleted  tubules  suspended  in  free 
Ringer,  The  Na^f  depletion  could  be  analyzed  with  5s  time 
resolution,  and  we  find  that  Ha^i  reaches  a  new  steady  state 
value  %  100s  following  the  K*  adaition. 


! 


12 


194 

m-Tb  AS  AK  A{JALOCt;E  OP  ATP-Kg  COMPLEX:  USE  AS  A  REPORTER 
OF  TOPOLOCy  or  ATPase  ACTZF  SITES. 

J.J.  LACAPERE  »  «.  ROVJAT*,  J.P.  DUFOUr"'  and  Y.  DUPO*nr*, 
*  Bicphysique.  CEN,  Saclay*  France:  ♦  BXC,  CEN,  Grenoble. 
France;  *  En2yeolc>gle,  Univ.  Louvain  la  Keuve,  Belgique. 
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ACIDIC  AMINO  ACID  TRANSPORT  IN  HALOBACTERIUM  HALOBIUH;  PAR¬ 
TIAL  PURIFICATION  A.ST)  RECONSTITUTION  OF  THE  ASPARTATE  TRANS¬ 
PORT  SVSTE.S 

R.V.  Greene  and  R.E.  MacDonald.  Northern  Regional  Research 
Center.  U.S.  Deparcaont  of  Agriculture,  Peoria,  Illinois, 

USA  and  Departaenc  of  Bioefcealstry,  Cell  and  Molecular  Bio¬ 
logy.  Cornell  University,  Ithaca,  Kev  York.  USA. 

.Meabrane  vesicles  of  Halobacteriua  haloblta  RiW,^  bind 
to  an  aspartic  acld-agarose  affinity  colusn.  After  disrup¬ 
tion  of  the  bound  vesicles  by  lov  ionic  strength,  a  protein 
fraction  is  eluted  frea  the  coluan  with  2.5%  cholacc  in  3  M 
NaCl.  When  this  fraction  is  reconstituted  with  soybean  lip¬ 
ids  to  fona  proteollpososes,  the  proteoliposoaes  exhibit  ac¬ 
tive  aspartate  accusulation.  Aspartate  transport  in  the  re¬ 
constituted  systea  is  driven  by  a  chealcal  sodlua  gradient 
(out > in),  exhibits  sensitivity  to  an  electrical  pote.itial, 
and  is  specific  for  L-aspartate.  These  characteristics  are 
consistent  with  observations  on  aspartate  transport  in  in¬ 
tact  sesbrane  vesicles  of  H.  halobiua.  Initial  aspartate 
transport  rates  in  the  reconstituted  systea  are  enhanced  a- 
bout  10-fold  over  the  native  systea.  The  systea  developed 
should  be  useful  in  future  purification  scheaos  and  studies 
of  the  Bolecular  details  of  ceabrane  transport. 


Foraycin  Tri  Phosphate  is  an  analogue  of  ATP  (  A  ex  =; 
30b  na  and  .1  cn  3a5  nn).  It  forns  tight  cosplexc^  with 
lantnanidcs,  particularly  *rith  Terbxun  (Kass  =  10  k^). 
This  association  can  easily  be  neasured  by  exciting  FTP  at 
305  n.T  and  observation  of  Tcrbiura  enission  lines  at  490, 
S45,  S90  and  620  nn.  Spectroscopic  aeasurenents  and 

analysis  following  Forster's  theory  indicate  a  reea- 
distance  of  3.3  ♦  0.6  A  between  Terbiua  ard  the  chroQophoj 
center  of  FTP.  Enhanceeent  of  fluorescence  of  Terbiua  in 
DgO  indicates  that  binding  of  Tb'^*  to  FTP  involves  3  ♦  O.S 
cordination  bonds  and  that  6.5  ♦  0.6  water  Bolccules  renain 
in  the  prioary  hydration  shell  of  Terbium. 

FTP-Tb  binding  was  tested  on  SR  Ca-ATPase  and  on  Yeast 
H*-A7Pase.  In  both^cases  association  of  the  co'splex  is 
strong  (Kass  s  10  h"^)  and  results  in  an  important 
enhancenent  of  Terbiur  cnxssion.  This  enbance“.cnt  is  •'ostly 
due  to  a  change  in  polarity  around  the  FTP-Tb  complex  as 
well  as  to  a  change  in  hydration  of  Terbiun. 
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iNmaca  or  :?x  FijircunxATiw  cn  m’jsrncw  hwses  or  h 
rvrmECfiiioic  acid  used  as  a  frobe 

0.  Bouli^sd  and  M,  Dupeyrdt,  LaboiMtoirc  <te  Chime  Fhysi<j(;e 
L.a.  17S,  11,  rue  Pierre  et  Marie  Curie,  F-75231  Paris 
Cedex  05. 

Specifically  labelled  or  perdcuterated  fatty  acids  and 


phospholipids  have  been  used  as  n 
firing, by  usiTg  the  or 


nolccular  probes  for  deter- 


ih  ncre  or  less  cerplex  biological  netrirarKS.  Very  few  is 
>cr}own  about  the  effect  of  hydrogen  substitution  cn  the  in¬ 
trinsic  conforraticnal  propmies  of  aliphatic  chains.  One 
approch  is  to  snriy  the  rxmolayer  properties  of  hydroge¬ 
nated  and  perdeuterated  cccpcurids  by  cieasurcnent  of  surface 
prosfuro  and  potential  in  wder  to  get  scoe  precise  infoina- 
tion  about  an  eventual  perturbation  due  to  p^cuterated 
probes  on  variews  pJ^se  transitions.  . 

W3  establish  that  the  substitution  of  by  has  the 
sa."ie  effect  than  a  tenperature  increase  of  about  S^.  This 
is  consistent  with  the  results  of  Petersen  et  al.  who  sho¬ 
wed  by  D.S.C.  that  deuteriation  causes  the  sa/rie  terperature 
shift  with  phosphatidyl  choline  bilayers.  Besides,  binary 
cuxturcs  of  these  acid,  don't  obey  the  additivity  rule. 

That  indicates  senc  interactions  between  the  two  chains 
which  will  be  discussed. 
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EFFECT  OF  DIETARY  K  ON  RAT  RED  CELL  CATION  FLUXES; 

A  POSSIBLE  ROLE  FOR  COTRANSPORT  IN  MAINTAINING  CELL  VOLUME 
M.A.  Milanick  and  J.F.  Hoffaan,  Oepl.  of  Physiology, 

Vale  University  School  of  Medicine,  New  Haven,  CT,  USA 

Sprague-Dawley  rats  supported  on  a  low  K  diet  for  8 
weeks  were  found  to  have  a  2  fold  decrease  in  plasma  K  (Kp>, 
from  Aom  to  2  nM,  a  slightly  elevated  red  cell  Na,  and 
nearly  equal  red  cell  voluaes  (shrunk  <  20  i)  as  compared  to 
control  animals.  Rats  fed  a  nigh  K  diet  for  8  weeks  had  a 
slightly  elevated  Kp  and  nearly  equal  red  cell  Na  content 
and  red  cell  volumes  compared  to  control  anlnals.  The  red 
cell  transport  parameters  of  the  rats  on  a  high  K  diet  and 
normal  K  diet  were  nearly  indistinguishable.  The  red  cells 
from  hypokalemic  rats  had  a  2  fold  greater  bunetamide- 
sensitive  influx  and  only  slightly  higher  pump  and  leak 
fluxes.  For  all  three  types  of  red  cells,  the  osmolarlty  of 
the  flux  medium  and  bumelamide-sensltive  transport  rate  were 
Inversel’y  correlated.  However,  neither  the  difference  in 
cell  volume  nor  In  cell  Na  completely  accounted  for  the 
elevated  buoetamlde-sensltlve  fluxes  in  the  red  cells  from 
the  hypokalrnlc  rat  suggesting  that  the  cotransport  of 
cations  was  altered  by  the  diet.  The  steady  state  puop/leak 
model  predicts  that  a  fall  in  Kp  will  lead  to  a  greatly 
altered  cell  volume  if  pump  and  leak  fluxes  are  unchanged. 
Thus  we  extended  the  steady  state  model  to  Include  cation 
cotransport  pathways.  This  model  predicts  that  crlls  in  low 
Kp  and  with  higher  net  cotransport  fluxes  can  have  the  sanv 
volume  as  normal  cells.  (This  work  was  suppr-ted  by  NTH 
grants  HL-09908  and  AM-0689b.> 
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WnSSACriON  of  MOmNE  (DHPARTMOmD  ATP  WITH  THE  KA/K  PUMP  OF 
HUMAN  RED  BLOOD  CELL  GHOSTS,  David.  G.  Shoemaker  and  Joseph  F. 
Hrffmn,  Dept,  of  Physiology,  Yale  Unlv.  sch.  Med.,  New  Kivcn, 

CT..  U.S.A. 

Previous  studies  have  shown  that  a  ocffibrane  pool  of  ATP  is 
used  by  the  Na/K  poop  in  preference  to  bulk  solution  ATP.  The 
amount  of  ATP  bound  to  ^aoglobln-free,  frozen-thawed  porous 
^sts  was  I.5i0.7xl0*’'  moles  ATP/cg  oesbrane  protein,  and 
did  not  differ  when  ghosts  were  pr^'pared  from  cells  energy 
depleted  by  Incubation  for  2A  hrs  ^  37®  in  the  absence  of 
substrate,  Prelncubatlon  of  porous  ghosts  In  Uie  presence  of 
».5aM  ATP  OP  the  substrat-'s  required  to  synthesize  ATP  via  the 
membrane  bound  phosphoglycerate  kinase  (PCX),  followed  by 
ejhaustlve  wasMng  to  remove  bJlk  ATP,  resulted,  respectively, 
in  3.2t0.3xt0*^  and  2.6ti.lxlO"  ^  moles  ATP/ng  menb.  prot. 
While  preloading  the  membrane  pool  with  ATP  (either  from  bulk 
ATP  or  by  synthesis  from  substrates  of  meelrarw  bound  PW  or 
pyruvate  kinase)  irhlblts  foreatlcn  of  the  Na  dependent  EP  of 
the  Na,K-AtPase  from  bulk  CT-^^P3ATP,  this  pool  ATP  did  not 
support  t^Hjouabaln  binding  in  contrast  to  bulk  ATP. 
Preincubation  of  porous  ghosts  with  ^Ik  8-azido-£a*^PlATP 
followed  by  exhaustive  washing  N‘fore  UV  photolysis,  resulted  in 
incorporation  of  label  into  PAGE  bands  2,b,  and  6.  However, 
preincubaticn  with  both  the  phololabel  and  t.5oM  ATP  oarkedly 
dC'^svased  tte  level  of  label  incorporated  into  band  5,  known  to 
be  actin.  low  salt  actin  extracted  porc^  ghosts,  shown  to  have 
normal  Na.K-ATPase  activity,  still  formed  Ka  dep^ent  EP  after 
pretreatment  with  IxilK  ATP,  Indicating  that  these  eemoranes  were 
devoid  of  pool  ATP.  (Sjpported  by  NIH  «>ant3  HL-C9906  and  AM- 
I7*<33) 
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INSERTION  OF  A  PFPTIDL  OF  DIPIfTFRIA  TOXIN  IRAGMfcNT  li  IN  A 
UFID  LAYER. 

V.Cabiaux  inJ  J.M.  Ruy.schaert.  Lab.  ot  Microffioiec.  at 
Interfaces. BrU'^st K  University  M  Trlo’f»nh«  lO'jO 
Belqtuo. 

Diphteria  toxin  (DT)  I's  x  protein  which  must  cross  a 
ror^rane  t-arrier  to  rtach  its  tarqet  In  the  cytopIaf,iTt.The 
wechsnisn  of  trin.I'‘y''»tior,  r^'raln*.  Ijirqely  unkrown. 

DT  interacts  str^‘'<»,  with  lipid  Mlayers  at  low  pH. Deleers 
et  al.  (1>  h*av<  shown  v  at  -  »  cyaricq<n  peptide  of 
fraqrvnt  B-ls  aide  to  *rcuce  pores  »«^^»wition  it  low  pH. 

This  peptid«  an  hydrophobic  doiain  that  stronsly 

resembles  the  transverse  lipid  issociatJn-i  domain  of 
intrinsic  meatraw  protei'is.qhe  pH  nJtncy  could  be  due 
to  the  pre'.enc*  of  a  cla.ter  o'  prollrms  in  the  C-term^nal 
r<“?ion  of  CBl.Wf  pr<sen'.  >«*re  evidence  that  C8l  is  able  to 
Insert  into  i  lipid  la/er  have  studied  the  chahvie  irt 
'.fX'CtraJ  properties  ol  the  only  Trp  of  CBi.In  the  presence 
of  small  ufiilamdlar  Vtsicles  made  with  phosphatidyl¬ 
choline, Trp  exhibits  a  ,  lue  shift  from  ran  to  3)S  nu  and 
a  four  fold  inenase  In  fluorescinc<  emission. These 
e:I^dtficatlons  could  be  explained  by  the  passage  of  Trp  from 
a  polar  medium  to  an  apolar  redium  which  could  be  constituted 
by  the  lipid  bllayer.  This  passage  miqht  play  a  role  in  the 
translocation  process  but  the  complete  knowlod'^ie  of  this 
mechanism  requires  futher  investlqattoAs. 

1.  M.  PeIeers,N.  Beuqnler.F.  F4lT«aqne,V,  Cabiaux  and 

J.M,  Ruysschaert. 
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INTRACELLULAR  pH  TOPOGRAPHY  AND  TRANSMEHBRANE  pH 
PROFILE  :  DETERMINATION  BY  A  FLUORESCENT  PROBE 


Jan  Slay£k/  Dopt.Ccll  Physiol.,  Inst.  Microbiol., 
CzochVsiovak  Acad.Sci.,  Prdgue*-Krd,Czochoslovakia 


A  new  fluorescent  probe  technique  based  on 
con'puterizcd  nicroscope  fluoronetry  <S?avik,FEBS 
Lett.  156,227)  was  applied  to  the  yeast  Saccharo- 
nyces.  it  gives  the  "nap"  of  the  pH  inside  the 
cell  and  its  imediate  surroundings  v;ith  0.1  pH 
unit  and  200  nm  resolution. 

The  cytoplasraic  pH  of  cells  in  water  was 
6. 7-7. 5  in  the  center,  decreasing  to  6.0  toward 
the  periphery  of  the  cell.  This  heterogeneity  was 
dininished  in  cells  in  weak  buffers  and  disappear¬ 
ed  in  strong  buffers.  It  was  absent  in  starved 
cells  and  in  antimycin-treated  cells.  Dead  cells 
showed  a  uniform  alkaline  pH.  . 

In  water,  the  pH  profile  across  the  cell 
membrane  showed  diffuse  pH  transition,  extending 
1-2  pm  on  both  sides,  with  no  clean across  the 
membrane  itself.  In  stronger  buffers  the  "unstirr¬ 
ed  layer"  outside  the  cell  was  narrower  or  non¬ 
existent.  Intracellular  pH  adjusts  itself  to  an 
abrupt  external  pH  change  in  about  10-20  min. 

All  results  fully  confirm  the  data  of  the 
"average"  coll  pH. 


ALTEWIATYVE  PATHWAYS  FOR  ATP  HYDROLYSIS  CARRIED  OUT  SY  THE 
(Hd,K}ATPdSe.  PEDEHOHTE  C.H.  and  6EAUGE  L..  Institute  M.y  H. 
Ferreyra,  CC  3^9,  Cordoba,  Argentina. 

2^ 

Inhibitory  effects  of  Kg  and  Pi  on  the  stimulation  of 
the  ATPase  activity  by  Na"^,  K*"  and  ATP  are  consistent  with  a 
node)  where  Kg^^  acts  both  as  a  "product"  and  as  a  dead-end 
inhibitor.  The  first  follows  Hg^'^  interaction  with  the  enzyme 
in  the  £3  occluded  state, whereas  the  seconc  would  occur  upon 
formation  of  an  enzyne-Kg  complex  with  the  enzyme  in  an  Cj 
state  (as  observed  fron  trypsin  inactivation  studies).  The 
en7y:i.e  activity  was  nore  sensitive  to  Kg^^  inhibition  in  the 
presence  of  Na^  and  K*  (Ka,K-ATPase)  than  ii  the  presence  of 
Na*  alone  either  at  high  (Ka,Na-ATPasc)  or  lew  (Ha,0‘ATPdse) 
Na^  concentration.  Using  congeners  of  that  form  ccopiexes 
of  different  stability  with  the  depliosphoen^yre^  it  was  observ 
ed  that  Hg^^  inhibition  ^s  potentiated  and  the  ^  for  AT^ 
activation  was  lower  when  the  dephosphorylatino  cation  forms 
a  tighter  complex  with  the  dephosphoenzyme.  Mg^  inhibition 
was  reduced  when  ATP  concentrations  were  increased  beyond 
those  needed  to  saturate  its  high  affinity  site.  The  present 
model  is  consistent  with  the  formation  of  a  Mg**-phospho- 
enzyme  complex  insensitive  to  K  that  appears  as  an  inter¬ 
mediate  in  the  Na-ATPase  activity  found  in  the  absence  of 
external  Na^  and  K^.  In  addition,  these  experiments  provide 
kinetic  evidence  indicating  that  ATP  accelerates  disoccluslon 
but  has  no  effect  on  the  E2~^l  transformation  itself,  and 
that  the  affinity  of  the  enzyme  for  the  nucleotide  is 
determined  nOi.  by  the  £2  ^tate  but  by  the  "degree"  of 
occlusion  of  the  dephosphorylating  cation. 
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GABA  RECEPTOR  AND  PROTON  ATP-ase  IN  PLANAR 
LIPID  MEMBRANE. 

M.P. Borisova,  O.V.Kolcravtkln,  V.I.Kusnetsov. 

Ins. of  Biol. Physics, USSR  Acad.Sci. ,Pushchino, USSR. 

Two  different  methods  worked  out  by  K.Schindlot 
et  al.(1978)  and  Ch. Miller,  E. Racket  (1976)  was 
tested  for  incorporation  of  synaptic  GABA  receptor 
and  H* -ATP-ase  into  a  planar  bilayer  membrane. 

The  model  membrane  containing  the  receptor  was 
chemosensltivc  to  GABA,  while  the  other  ncuro- 
transmitters  did  not  influons  it.  Single  channels 
fluctuations  of  20  pS  in  conductans  and  *10  ms 
life  tine  were  observed  in  the  presence  of  GABA. 

Measurements  of  transmembranc  currents  at 
voltage  cla.’np  condition  showed  that  conductance  of 
ATP-ase  containing  membrane  was  low.  Addition  of 
1  raM  ATP  did  not  increased  the  conductance,  but 
caused  generation  of  stationary  transmembranc 
current  flowing  from  the  chamber  compartment  with 
ATP.  This  current  could  be  compensated  for  by 
application  of  membrane  voltage  of  130-230  mV. 

The  results  obtained  indicate  that  incorporated 
ATP-ase  works  as  a  proton  pump, 

Therofero,  membrane  complexes  different  in 
structure  and  function  such  as  GABA  receptor  and 
II* -ATP-ase  con  bo  successively  incorporated  into 
a  planar  lipid  b] layer. 


Aftf%CST  AND  SSVESSAL  OF  TK£  ELCCTROGCNIC  SODIUM  FUnP  UNDER 
VOITACE  CLAMP. 

PMIlippe  EitfriP  Lug*  Turin.  CNRS  Station  Zoologlquo  La  Daft* 
Vlll»lrar\ch*/Mar,  Franca. 

Singla  blaatoaaraa  iaolataU  4ro»  th«  vegetal  half  of 
b4-cell  atage  Xenopua  eabryoa  have  unuaually  to-  and  linear 
oeaArane  conductance  (typically  10-20  nS>,  particularly  if 
•xtracel lular  pH  ia  eade  allgrtcly  acid  (6.S>.  Under  theae 
condltlona,  the  unatlnulated  eteetrogenlc  aodlua  pu<*p  can 
contribute  aa  a«,ch  aa  70-00  av  to  aeaOrane  potential  in  the 
ateady-atate,  l.e.  Nithout  aodlua  loading  (Turin, L.  1904  in 
Clectrogenic  Tranaoort,  Dlawatein  U  Lleberaan  Cda,  Raven  Preaa, 
NYC>.  We  have  atudled  the  puao  eurrent/vol tage  relation  under 
voltage  claap  by  atepping  aeabrane  potential  2  aV  at  a  tiae  froa 
O  to  -ISO  aV  In  IS  aeconda.  The  pu4r«i  ia  inhibited  by  rcaoval  of 
extracellular  petaaaiua  or  addition  of  10  alcroaolar  ouabain. 
Ru«0  current  varie*  froa  cell  to  cell,  and  the  ''eaolution  of  our 
eeaaureaenta  la  of  the  order  of  100  pleoaapa.  The  eella  uaed  in 
thia  study  had  puap  currents  at  O  aV  ranging  bet-een  2S0  and 
1200  pA»  allowing  clear  separation  of  1/v  relations  with  and 
without  puap.  The  retulte  revealed  aoae  unexpected  features  of 
the  puap  eurrent/voltage  relation.  Firstly,  It  la  linear  in  the 
range  of  voltage  studied,  and  intersects  the  zero  current  axis 
at  a  potential  which  varies  froa  cell  to  cell  and  lies  between 
-110  and  -100  aV  (the  latter  extrapolated) .  Secondly,  the 
current  reveraee  paet  this  potential  without  change  in  slope. 
Thirdly,  reaoval  of  external  aodlua  suppresses  the  slope  of  the 
puap  t/v  relation  (puap  conductance)  and  turns  the  pu«o  into  an 
ideal  current  source  ever  the  voltage  range  eensloered.  This  In 
Itself  Is  not  surprising  In  view  of  the  puap’s  lightened 
workload,  but  the  constant  puao  current  under  Na-free  conditions 
is  lower  than  the  aaxiaal  current  under  noraal  condltiona,  and 
decreases  with  tlae,  suggostlng  that  external  Na  has  kinetic  as 
well  as  theraodynaaic  eftects  on  the  puap,  we  are  presently 
studying  puap  behaviour  under  etep  voltage  relaxations  fron 
"reversal^  potential,  to  deteraine  whether  there  is  accuaulatlon 
of  suaps  In  a  particular  voltage-dependent  step  of  the  punp 
cycle,  or  whether  the  constant  slope  of  the  puap  |/v  relation  Is 
due  to  passive  ion  diffusion  through  the  active  puep.  (This  wgrk 
is  supported  by  the  CMRS  under  Its  Action  Thfrasttque  Rrogpaaaee 
*Converst(w>  de  I’Cnergle  dans  les  Meabranes  Plologiques-J, 
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FEATURES  OF  SQUID  GIANT  AXON  MEMBRANES  AS  REVEALED  BY  FREEZE- 
FRACTURE  REPLICAS  G.M.  Villegas*,  N.J,  Lane,  F.  SAnchez  and 
I.  Villegas*,  InstUuto  Internacional  de  Estudios  Avanrados 
(IDEA),  Apartado  17606,  Caracas  lOlB-A,  Venezuela  and  Depart¬ 
ment  of  Zoology,  University  of  Cantirldge,  U.K, 

Giant  stellar  nerve  libera  of  squid  Sepioteuthis  sepioi- 
dea  were  irozen  in  Freon**  after  prefixation  with  glutaral- 
dehyde  and  cryoprotection  with  glycerol.  Platin'ua-Carbon 
replicas,  obtained  with  a  Balzers-SlO  freeze-etching  unit, 
Mere  exaalned  with  a  Siemens  lOi  or  a  Philips  400  STEM  elec¬ 
tron  microscope  .  The  Schwann  cell  layer  is  characterized  by 
the  presence  of  numerous  superie^sed  aeabrane  f^ces  corres¬ 
ponding  to  the  channel  (cleft  )  walls.  P  and  E  faces 
display  coapleoentary  endo  or  exoeytotic  ieages.  Besides, 
nuae.'^ius  small  cross-fractured  cytoplasmic  portions  which 
might  correspond  to  interdigitations  or  capitate  projections 
of  adjacent  cells  are  often  observed.  At  the  axon-Schvann 
cell  Interfacw  there  appear  regions  with  many  endo-exocytotlc 
pits  and  also,  at  some  other  sites  larger  craters  or  pits 
resembling  those  observed  in  chemical  synapses.  Ridge-like 
profiles,  extended  up  to  10  v>b  long,  and  formed  by  rows  of 
particles  have  also  been  observed  at  the  same  axon-Schwann 
interface.  Although  their  functional  significance  is  still 
unknown,  these  structures  nay  be  related  to  axon-glia  coup¬ 
ling  and  intercellular  exchange  of  substances.  Furthermore, 
the  rldge-llke  arrangements  may  represent  either  zones  of 
mechanical  attachment  o;  specialized  sites  such  as  the  struc¬ 
tural  complexes  of  the  axolemma  previously  described. 

*  On  lesve  of  absence  from  Instituto  Venezolsno  de  investiga- 
eionea  Cientificas  (IVXC).  Caracas. 
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EVIDENCE  FOR  TWO  MODES  OF  CL’  AND  TRANSPORT  ACROSS  THE 
BASOLATERAL  CELL  MEMBRANE  OF  THE  DILUTING  SEGMENT  OF  THE 
AMPHIUMA  KIDNEY.  W.B.  Cugglno.  Dept,  of  Physiol.,  The 
Johns  Hopkins  Unlv.^  Sclibol  of  Medicine,  Baltimore,  MD,  USA. 

Easolateral  neabrane  potentials  (V^^)  and  coll  volume 
vers  measured  simultaneously  to  determine  the  mechanism  of 
ex'*  and  K*  transport  across  the  basolateral  cell  membrane  of 
Aaphtuaa  diluting  segments.  The  cells  are  heterogeneous  in 
regard  to  potassium  and  chloride  transport.  The  evidence  is 
as  follows:  1)  increasing  basolateral  K*  to  9SaM  or  decreas¬ 
ing  Cl'  to  16^  depolarizes  by  58t4aV  and  33i4mV  res¬ 
pectively  in  one  cell  type  (Croup  I)  and  by  only  btZmV  and 
4i3mV,  respectively,  In  another  (Group  11);  2)  raising  baso¬ 
lateral  K*  to  9BaM  in  Cl**  free  aolutlona  Increases  the 
depolarization  of  to  84t8oV  In  Group  I  cells  without  a 
change  In  Croup  11  cells,  6t2aV;  and  3)  the  ratio  of  apical 
to  basolateral  resistances  Is  greater  than  10t3  In  Group  1 
cells  and  1.3^. 3  In  Group  IX  cells.  Thus,  two  cell  types 
Are  present,  a  Group  1  cell  with  a  highly  K*  and  Cl"  con¬ 
ductive  besolateral  membrane  and  a  Croup  XI  cell  with  low 
basolateral  conductances.  As  expected.  Group  1  cells  swell 
at  a  rate  of  19SumV8  In  response  to  an  Increase  In  baso¬ 
lateral  K*  to  98aM.  Thlt  swelling  la  lohlbl:ed  by  chloride 
removal.  Surprising,  however,  Is  that  K*  Induced  swelling 
also  occurs  In  Group  II  cells  at  llluaVa.  This  swelling 
Is  also  inhibited  by  chloride  removal  Indicating  that 
movement  In  those  cells  may  Involve  cotransport.  Thus 

K* and  Cl"  movement  across  the  basolateral  cell  membrane  Is 
heterogeneous,  with  one  cell  type  exhibiting  primarily  con¬ 
ductive  transport  while  In  a  second  transport  Is  electroneutraL 
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INVOLVEtSNT  Cf  ENVaOPC-BOUNO  Ca”  IN  tlF  JRANSIfNi  OEPaARI 
ZAIIOV  or  F.coli  WKBRANE  >RICGrRED  BY  PHACF  ADSORPYION: 

L. lctetHor.  B.Labedan  and  P. Boulanger,  Lab.  des  Bio^eubrancf 
and  Inst,  de  Hicrobiologic,  UbW.  Paris  Sud,  Qrsay,  France. 

Adsorption  of  phages  ^4  and  ^5  to  F.coli  outer  aesbrane 
triggers  the  caission  of  a  signal  transraitted  to  the  inner 
aesbrane*  which  calls  for  its  depolarization.  These 
changes  were  shown  to  be  independent  of  the  nature  of  the 
phage  and  IMA  injection  process.  In  the  case  of  T4,  a  sped 
fic  requircaent  for  envelope-bound  was  found._j.|odced, 
addition  of  FQTA  prevents  the  Ciji  changes.  This  Ca  reaains 
accessible  to  the  chelator  only  os  a  conseguence  of  phage 
adsorption  and  rccaains  in  this  state  during  the  depolariza¬ 
tion  and  rcpolarization.  The  changes  occur  again  if  Ca 
is  added  after  addition  of  FCTA,  The  s?«c  cor»ccntration  of 
FGTA  prevents  the  changes  whstever  the  aultioUcity  cf 
infection,  suggesting  that  phage  adsorption  triggers  both 
a  conformational  change  of  oe^rane  components,  the  ntnbcr 
of  which  reflects  the  nmb^  of  phaqes^nd  the  liberation 
of  a  definite  amomt  of  Ca^  .  This  Co  would  in  turn 
indirectly  induce  the  A'^^^hanqes. 

Using  a  fluorescent  Ca^**^^^helator  (Ouln  2)  we  have 
shown  that  about  .5  mol  Cd^*/ag  dry  weight  was  liberated 
during  this  process.  Finally,  using  starved  cells  which 
show  a  release  of  respiratory  control  upon  addition  of 
uncouolers,  we  have  demonstrate  that  the  depolarization 
of  the  inner  membrane  induced  by  addition  of  different 
ohages  (T4,  T5,  Br23)  was  correlated  with  an  entry  of 
protons  in  the  cytoplasm. 
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INFLUENCE  OF  VINBLASTINE  INFUSION  ON  HUMAN  SOFT 
TISSUE  SARCOMA  TUMOR  CELLS  -  EPR  STUDY 

M. Sentjurc^,  M.Auersperg  and  M.Schara* ,*J. Ste¬ 
fan  Institute,  Ljubljana,  Yugoslavia*, '’^‘^Instltute 
of  Oncology,  Ljubljana,  Yugoslavia 

Huaan  soft  tissue  sarcoua  biopsies  were  taken 
froo  a  case  of  reccurent  large  exoffiting  sarcooa 
in  the  buttock  before  and  after  intravenous  and 
intraarterial  infusion  of  vinblastine  (VLB).  The 
tissue  sanples  were  incubated  with  the  spin  probe, 
palnitio  acid  taethylcster  spin  labeled  analog 
MeFASL(lO,3)y  which  dissolves  in  the  tissue  cell 
Qeobranes.  The  electron  paraaagnetic  resonance 
(EPH)  spectra  were  taken  for  the  sanples  renoved 
fron  the  tuaor  at  various  stages  of  treatsent.  It 
was  found  that  VLB  perturbs  the  fluidity  of  the 
eenbrane  which  relaxes  back  to  the  oquilibriun 
state  within  40  hours.  The  equllibriun  value  of 
the  cell  neabrane  fluidity  decreases  after  several 
treatnents  of  the  patient  with  VLB.  An  anusual  in 
crease  of  the  EPR  signal  intensity  with  tine  after 
incubation  of  tissue  with  the  spin  probe  was  ob¬ 
served,  probably  due  to  an  oxidative  process  in 
this  sarcoaa  tissue. 
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NMd  0\’  VM'i  .,1  t^l.'r'OKN  I’.*  IX'  \:i  ’vO^TUxO- 

CiXE'1  A*.'J  Gh.T^pnrn.  V.I.Pop,  Victoria  Oorza 

Ana  *'«regen  and  AVlriana  Vod^irn^u,  of 

Cell  Hology,  "'ocuUy  o*"  fherrx. 

Institute,  CinJ-?Iapocn,  *;CXAI'IA. 

I'revio'islv  developed  ICIN  n^^thodo  for  following 
water  diffusion  (  D)  in  erythrocytes  have  been  used 
to  corparativoly  study  the  effects  of  inhibitors 
and  of  chonjicQl  nodifications  of  reabron#*?  on  *^D  in 
both  erythrocytes  nn**  rej-'eoled  yhosts.  A  longer  re¬ 
laxation  tiro  in  ghosts,  correoponding  to  u  dc- 
crea>3ed  exchange  tine  or  water  wos  noticed  in 
ghosts,  ’fe  found  that  only  cercurialc  (such  os  p- 
cblorotercuribenzene-sulionmte,  rc*TS)  inhibited 
the  A  significant  effect  i'Cy*C  require'^  se¬ 
veral  ainutes  of  incubation  at  37^C.  ^hls  corres¬ 
ponds  to  tbrt  location  in  the  it^-nbrane  interior  oe 
the  SH  |:^ups  involved  in  across  hu"'an  erythro¬ 
cytes.  Other  sulfhy^ryl  reogento,  inhihitor.s  of 
other  tra-osport  processes,  or  exposure  of  erythro¬ 
cytes  to  trypsin  Iwhicn  aigesteu  glycopnorin)  or 
cnyffsotrypsin  (which  digested  band  5  protein)  nei¬ 
ther  inhibit  the  WD  nor  haaper  the  inhibitory  ac¬ 
tion  of  mercurials.  In  contrast,  exposure  of  ery¬ 
throcytes  to  papain  does  hamper  the  inhibitory 
effect  of  subsequent  incubation  with  PCXJS.  ToHng 
into  account  th<»  degradation  of  band  3  protein  by 
papain  we  suggest  that  the  binding  site  for  PCISBS 
playing  a  role  in  the  inhibition  of  XU  is  located 
in  this  protein. 
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EffECIS  OF  Ca**-RINGER  OH  CELLULAR  Ka*  AND  K*  ACTIVITIES 
III  RETZIUS  NERVE  CELLS  OF  THE  LEECH 
V.NedelJlov,  D.Ceaerikid  and  B.Beleslin,  Department  of 
Pathophysiology,  Dr. Subotida  1/11,11000  Belgrade, 
Yugoslavia. 

Intracellular  potassium  (K^){»  and  sodium,  (N3^)i, 
activities  in  Retzius  nerve  cells  of  horse  leech  (Haemopis 
sanguisuga)  determined  with  ion  selective  nicroelectrodes 
using  a  liquid  ion  exchangers,  at  resting  mes^rane  poten¬ 
tial  of  -36.75  i  7.11  ciV  were  90  i  13  rtJ  and  5.52  i  0.79  r-M 
respectively.  Calculated  equilibrium  potential  for  both 
ions,  was  69  oV  for  Na*  and  -86  mV  for  K*,  indicating 
active  distribution  of  both  ions  across  the  cell  membrane, 
probably  nediated  by  a  Na^-K*  exchange  pump.  Exposure  to 
buffered  Ca'^-Ringer  (coiaplete  substitution  of  Na"^  with 
Ca**^,  Tris-Cl  added  to  pH  7.2),  for  10  minutes,  hyperpola- 
rized  mecibrane  potential  by  -18.3  i  1.45  mV,  induced  a 
large  and  rapid  fall  in  (Na*)i  to  1.77  t  0.49  mli,  without 
any  change  in  (K*)i.  Exposure  to  unbuffered  Cd**-Ringer 
(pH  -  4),  for  3  minutes,  produced  similar  rapid  clearing 
of  (Na'^)i.  indicating  that  is  insensitive  to  external  pH. 

As  (K*’)i  remained  constant  during  exposure  to  Ca^^-RInger 
this  could,  indicate  that  a  rapid  clearing  of  cellular  Na^ 
seems  to  be  through  postulated  NaVCa^*  exchange  mechanism 
in  the  cell  meirbrane. 

(Supported  by  the  Research  Council  of  Serbia). 
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STUDY  BY  OF  THE  PERMEABILITY  INDUCED  BY  lONOPHQRES 

ON  FHOSPyOLlPIOIC  ^ARGE  UNILAMELLAR  VESICLES.  ^ 

Herv4  ,  M.  Roux  .  S.  Tran»0)nh  ,  C.  Gary-Bobo  . 

Service  de  Biophysique,  Departemen^  de  Biologic,  C.E.N. 
Saclay  91191  Gif/Yvette  France.  U.E.R.  de  Medecine  et 
Biologie  Humaine.  University  Paris  XIII  France. 

P-NKR  enable-  to  monitor  the  pH  inside  vesicles, 
owing  to  the  pi-ejence  of  a  pH»dependent  probe  •  the  ortho- 
ohosphate  io-  Mn  the  intravesicular  mediuml.  On  this 
oasis,  the  cationic  permeability  induced  by  lonoohores  can 
be  studied  by  the  proton-cation  exchange  method.  In  the 
present  study,  the  permeahilization  induced  by  two  types 
>f  ionophores  has  been  studied  mobile  carrier  Walmo- 
nycinl  and  channel  foroinq  ionophores  ^gramicidin  and  am- 
ohotericin  B).  The  mode  of  action  of  these  two  tyoes  of 
ionophores  appears  different.  Upon  the  introduction  in  the 
vesicular  suspension  of  a  mobile  carrier  such  as  valmomy 
tin,  the  totality  of  the  vesicles  copulation  i$  irredia- 
tely  oermeabilized  ;  the  evolution  of  the  chemical  shift 
>f  the  internal  PO^*  sional  enables  to  follow  the  kinetic 
)f  proton  transport.  In  the  case  of  channel  forming  grani- 
tidin  and  amphotericin  B.  two  distlnctS  vesicle  copula¬ 
tions  are  observed  •  one  of  which  reach  eguilibriun  too 
-aoidly  to  allow  the  kinetic  of  transport,  and  the  other 
)ne  1$  not  permeabilupd  or  only  in  the  long  run.  These 
'esults  make  possible  the  interpretation  of  the  kinetK  of 
proton  flux  wasured  by  the  use  of  a  glass  electrode  'n 
the  suspension  medium. 
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COUPLING  BETWEEN  HEAT  AND  HATTER  FHXES  IN  BIOLOGICAL 
MEMDRANES 

D.C.  Mitd,  A.  P'Acunto,  "p.  CancisHa  and  F.S.  Gaeta, 
International  Institute  of  Cenecui,  and  Biophyaic^,  CNR, 

Via  Marconi  10,  S012S  Naples,  Italy,  ’'institute  of  General 
Physiology,  Faculty  of  Sciences,  Via  dei  Verdi  85, 

98100  Messina,  Ualy. 

A  few  years  ago  we  advanetd  the  working-'  hypothesis  that 
heat  fluxes  of  metabolic  origin  are  coupled  with  biological 
Dcsbrane  transport  in  living  cells.  In  this  context  we  have 
studied  the  initial  uptake  rate  of  sulphate  in  the  toarine 
alga  Valonia  utricularis  in  function  of  its  concentration  in 
the  outer  mediua.  The  rationale  of  this  research  is  based 
on  the  fact  that  the  resulting  behaviour  is  indicative  of 
the  DcchanisQ  controlling  the  transport.  VV  have  f<.and  a 
characteristic  pattern  different  from  the  one  exp-cted  for 
a  diffusive  process  as  veil  as  fron  the  saturation  trend 
exhibited  by  carricr-uediated  transport  but  ‘dontical  to 
the  one  found  in  non-isothenaal  nei^ranc  trsnsport  of 
electrolytes  in  artificial  systetss.  These  results  are 
indicative  of  a  coeiaon  physical  basis  for  both  fon&s  of 
transport,  thus  confirming  our  hypothesis. 
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DIFFEREMTIAL  EFFECTS  OF  CIS-  AND  TRANS-USSATURATED  FAm 
ACIDS  OS  KEMBRANE  FUNCTION:  VIRAL  MEMBRANE  FUSION.  R.C. 
MacDonald,  R.l.  MacDonald,  &  V.  Dalle  Ore,  Dept.  Bloches,, 
Mol.  BI0I.&  Cell  Biol.,  Northweatern  Unlv.,  Evanston,  XL,  USA 

Patty  acids  affect  diverse  functions  of  biological  ees- 
branes*  Their  effect  on  the  Sendai  virus  »eabrane,  as 
oeasured  by  viral  heaolytlc  activity,  is  to  reduce  the 
ability  of  the  virus  to  fuse  with  a  target  aeabrane.  Iso* 
stearic  and  ci8~unsaturated  fatty  acids  cospletely  inhibited 
heaolysis  at  a  fev  alcrograss/al.  Saturated,  noraal  fatty 
acids  were  partially  Inhibitory  only  at  concentrations 
several  tiacs  greater.  Trans^unsaturated  fatty  acids  were 
virtually  nonlnhibltory.  The  differential  activities  of 
the  fatty  acids  arc  due  to  their  different  surface  activit¬ 
ies;  inhibition  was  directly  related  to  equilibriua  surface 
pressures  at  the  alr^ater  interface;  Inhibitory  fatty  acids 
have  equllibriua  surface  pressures  nearly  as  large  (within 
1-2  dyn/ca)  as  those  of  phospholipids,  which  taeans  chat 
such  fatty  acids  are  able  to  efficiently  penetrate  the 
lipid  bilayer  of  the  virus.  Thus,  as  predicted  theoretical¬ 
ly,  the  inhibitory  activity  of  a  fatty  acid  such  oleate  or 
isostearate  parallels  its  lowering  of  surface  tension  at 
concentrations  up  to  the  critical  micelle  concentration. 

At  the  C.M.G.,  inhibition  Jumps  abruptly,  however,  and  this 
portion  of  the. inhibition  oust  depend  upon  the  formation  of 
sieelles  rather  than  bilayer  penetration  and  is  ascribed  to 
the  formation  of  a  belt  of  fatty  acid  around  an  exposed 
hydrophobic  region  of  a  protein.  Unbrsnehed  saturated  and 
trans-unsaturated  acids  exhibit  surface  pressures  too  low 
for  penetration  of  lipid  bilayers,  hence  their  small  effects. 
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FUSION  OF  UNIUJIELLAR  LIPID  VESICLES  CONTAINING  HEMOCTASIN 
CHANNELS  WITH  PLANAR  BILAYERS 

G.  Mcnestnna  and  R.  Antolini,  Dipartiaento  di 
Fisica,  Povo,  Trento,  Italy. 

Large  unilamellar  vesicles  were  prepared  by  detergent  re¬ 
moval  from  Rlceilcs  containing  octylglucoside  or  deoxycholate 
and  a  mixutre  of  phosphatidylcholine,  phosphatidyiethanoiaai- 
ne  and  phosphatidylserine.  Liposomes  were  thert  interacted 
with  Kegathura  Cvcnulata  henocyanin,  a  well  studied  channel 
fonaer.  Volume  clbaiges  induced  by  osmotic  Jumps  and  revealed 
measuring  the  light  scattering  indicated  that  the  pvrceabil- 
ity  of  the  liposomes  was  Increased  by  the  protein  within  few 
hours.  The  resulting  proteoliposotses  were  purified  by  centri¬ 
fugation  and  then  incubated  on  one  side  of  a  planar  biiayer. 
Strong  current  increases  were  observed  when  fusogenic  condi¬ 
tions  were  used  i.e.  in  presence  of  divalent  cations  ii.  solu¬ 
tion,  neg.ilive  lipids  in  the  host  membrane  and  alter  the  in- 
stauraticn  of  an  o$sotie  gradient  through  the  sides*  volts 
Such  increase  is  due  t)  the  transfer  of  the  icnic  channels 
from  the  protcoiiposomcs  to  the  plnnar  bilayer,  sittdying  the 
effects  of  Ba*2  on  the  el  ctirjral  propercies  of  the  channel 
we  could  confirm  that  the  protein  is  always  inserted  into  e 
hydrophobic  medium  during  this  process  as  required  by  the  fu¬ 
sion  hypothesis. 


212 

Na  TRANSPORT  ABKORMALITIES  IN  ERYTHROCYTES  FROM  ESSENTIAL 
fivoERTENSIVE  PATIENTS. 

R. Garay, C.Nazaret, 6. DaQher,J.Die2,H. Price. E.Deschac«)S  de 
PallTette,G.duin  &  P.Braquet.INSERM  U7/CNRS  LA  318,H6pital 
Kecker,PaHs  75015  and  IHB,17  av. Descartes, Le  Plessis-Robin- 
son .France. 

A  detailed  kinetic  analysis  of  the  interaction  of  inter¬ 
nal  Na  with  different  erythrocyte  Na  transport  systems  has 
pernitted  the  distinction  of  different  subgroups  of  essen¬ 
tial  hypertensive  patients:!)  Pump  -  hypertensives;  with 
tow  apparent  otrap  affinity  for  inVernai  Na  and  nigh  maximal 
puno  rate;2)Co  -  hypertensives:  with  low  cotransport  affi¬ 
nity  for  internal  na;d)Lounter" f  hypertensives:  showing 
low  countertransport  affinity  tor  internal  Ha  and  high  ma¬ 
ximal  rate  of  the  Ka:Li  countertransport  system  and  4)Leak 
*  hypertensives:  characterized  by  an  increased  passivFTTa 
oer5?ea5rfT^7*“ 

A  study  of  the  apparent  affinity  of  the  Na,K  cotransport 
system  for  external  K  has  permitted  to  divide  the  Co  -  hy¬ 
pertensives  into  three  subgroups  (sywaetric, asymmetric  and 
antisymmetric)  according  to  the  presence  of  low, normal  or 
hiqh  K  affinity. 

A  study  of  the  antihypertensive  effect  of  cicletanide 
on  45  essential  hypertensive  patients  indicated  that  the 
antihypertensivc  efficiency  of  this  compound  depends  .among 
others,  on  the  subgroup  to  which  the  hypertensive  belongs. 
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SYNERGISM  IN  THE  TRANSPORT  OF  CATIONS  ACROSS  LIPIOIC 
VESICLES  J.  Grandjean,  P.  Laszlo,  Institut  de  Chiraie 
OrganiRue  et  de  ¥iocKinie  66,  University  de  Lifege,  B-4000 
Liyge,  Belgium. 

Phosphorus-31  nuclear  magnetic  resonance  has  been 
used  to  investigate  and  Hn  transports  mediated  by 
carbocycHc  ionophores  across  phosphatidylcholine  vesi¬ 
cles.  The  cation  influx  is  markedly  increased  when  two 
carriers  are  incorporated  together  into  the  lipidtc  phase. 
This  observation  looks  quite  general  If  at  least  one 
ionophore  carries  the  cation  as  a  2/1  species  (ionophore/ 
cation)  :  a  hybrid  complex  is  involved  in  this  synergism. 
Ve  have  postulated  that  an  enhancement  of  the  H‘  counter- 
transport,  cooing  froo  the  apk  between  the  two  carboxylic 
noities  within  the  cceplex,  c^ld  be  responsible  for  this 
synergistic  effect.  Transport  experiments  in  the  presence 
of  both  one  ionophore  and  one  fatty  acid  have  been  also 
perforsed.  The  cation  inward  rate  is  also  enhanced. 
Kinetic  studies  have  been  made  with  lauric  acid-lasalocid 
A  mixtures.  The  transport  rate  is  first  order  in  fatty 
acid  and  second  order  in  ionophore.  It  suggests  that  a 
neutral  complex  is  involved  in  the  transport  process.  We 
are  now  performing  complementary  experiments  to  confirm 
our  conclusions. 
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iCTIVIIY  ELUTION  CHROMATOGRAPHY  IN  THE  MICROCRAM  RANGE  OF 
>0LUB1L1ZED  SARCOPUSMIC  RETICULUM  ATPasc, 

J.L.  Silva  and  S.  Verjovaki-Aloaida,  Dopto.  do  BiQquinica,Ice 
UFRJ,  Rio  do  Janeiro,  Brasil 

Tho  caleiua  dependent  ATPaso  of  sarcoplasmic  reticulum  is 
a  cembrano  protein,  obtained  in  the  microsomal  fraction  from 
skeletal  xwscle.  It  was  found  that  Ci2C$  solubilized  ATPate 
sclf-aisociatod  from  a  monomer  to  a  dlovr  in  the  concentraci<r 
range  of  2  to  50  ug/al  as  measured  by  chromatography  when 
following  tryptophan  fluorescence  intensity  ox  radioactivity 
of  iodine  labeled  ATPase  of  tho  eluted  fractions.  However 
difficulties  in  the  measurements  arise  from  background  fluo¬ 
rescence  in  one  ease  and  radioactive  phospholipids  in  the 
other.  In  order  to  have  a  taore  specific  and  sensitive  method 
VO  measured  the  ATPase  activity  continuously  on  the  eluted 
samples.  A  sephncryl  coluzn  vat  used  and  a  reactive  mixture 
was  added  to  the  effluent  and  allowed  to  react  in  a  loop  for 
6  minutes  before  entering  the  flow  cuvette  of  a  photometer* 
The  mixtures  contained  NADH,  ATP,  phosphocnolpyruvate  and  the 
coupling  enzymes  (pyruvate  kinase  and  latic  dehydrogenase). 
The  decrease  in  KADH  absorbance  was  monitored,  and  it  was 
proportional  to  ATP  utilization  by  the  ATPase.  The  elution 
positions  of  solubilized  ATPase  were  thus  determined  from  the 
peaks  in  ATPase  activity  of  the  effluents.  Decreasing  the 
applied  protein  concentration  from  100  to  1  ug/ml,  there  was 
no  change  in  the  elution  position  of  the  peak  and  it  was 
observed  a  decrease  in  the  enzymatic  specific  activity.  These 
data  seem  to  indicate  that  the  solubilized  monomer  has  atauch 
loveo  activity  than  the  dimeric  form. 

Supported  by:  CKPq,  FINEP  and  KDA 
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CCfiCPCRMATiam  C.MANaS5  IN  THE  PR0IJNB/Ka-COTRAN3PCRTIR  CP 
INTESTINAL  KiUSH  BORDSiS  B.B.  Poerce  &  B.H.  Vrlght. 
R^lol.  Dept.,  U3IA,  log  Angela, 

Brush  border  membrane  veslcleg  were  Isolated  by  Ca 
precipitation  and  treated  vlth  KSCN  to  remove  core 
materal.  These  vesicles  contain  a  Na/L.j>rollne  carrier 
wl  th  a  Kj.  of  592  +  12  uM  and  a  of  3*8  naoles/mg  sec. 
Na^HlepeMcnt,  ale^lno  insensitive  prolino  uptake  (l.o., 
uptake  via  the  l3lr»o  carrier)  is  Ipreveralbly  inhibited  hy 
fluorescein  Isothlocyanate  (PITC),  Fhonylisothtocyanato 
(PITC)  and  n-acetyliaidasolo.  The  carrier  may  be 
protected  against  PlTC  inhibition  by  Na  ani  proline,  end 
against  n-ocetylimidasolo  by  Na  alone.  We  studied  the 
effect  of  ions  on  the  fluorescenco  of  FITC  conjugated  to 
the  carrior.  Na,  but  not  K,  Rb,  Ca,  Li  or  choline, 
induced  a  quenching  of  PITC  fluorescence.  K- 
acetylimidazole  Inntbito  tho  Ka  dependent  quench.  Hill 
plots  of  the  quench  versus  Ka  concentration  suggests  t^o 
classes  of  Na  binding  sites.  SD3  polyacrylamide  gel 
electrophoresis  indicates  a  major  PITC  binding  protein  of 
approximately  100  K  daXtons  whose  FITC  binding  is 
substrate  sensitive.  We  conclude  from  this  data  that 
sodium  induces  a  conformation  change  in  a  t00,000  daXton 
peptide,  which  may  bo  the  proXlne  carrier. 


aipported  \jy  Ki  a.  m  09666. 
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ANALYSIS  OF  THE  RESPONSE  TO  PULSES  OF  OEPOLARIZINS  CURRENT 
IN  NEURONS  OF  LYHNAEA  STAGNALIS 

H.  Barbi.  S.  Chilleni  and  S.  Lucia,  Istituto  di  6iofisica, 
C.N.R.,  Via  S.  Lorenzo  26,  Pisa,  Italy 

Long-lasting  fulses  of  depolarizing  current  injected 
into  the  sona  of  neurons  of  the  suboesophageal  ganglia  of 
stcgnalis  elicit  a  slowly  adapting  discharge  of  action 
potentials  followed,  at  the  end  of  the  stiDulus,  by  a 
"post-tetanic"  hyperpolarization  (PTH).  PTH  declines  froa  a 
peak  of  up  to  20  aV  amplitude  to  zero  in  tine  intervals 
ranging  from  soae  seconds  to  tens  of  seconds;  it  is  clearly 
related  to  the  adaptation  of  the  discharge.  In  principle, 
both  phenociena  can  be  accounted  for  either  by  an  increase  of 
the  Ca-activated  K  conductance  during  the  discharge,  or  by 
the  activity  of  an  electrogenic  Na/K  piRip  whose  rate  is 
raised  through  the  Na-influx  associated  with  the  action  po¬ 
tentials.  in  fact,  our  experictental  results  suggest  that  both 
processes  play  a  role  in  deteroinfng  the  features  of  the  in¬ 
vestigated  response.  This  experimental  evidence  has  been 
obtained  by  standard  separation  techniques:  measurement  of 
the  membrane  conductance  during  PTH,  Na  substitution  with 
Li  in  the  external  solution,  pump  block  by  strophantidin, 
superfusion  with  Ca-free  solution,  loading  of  cells  with  Ha 
by  fcroiontophoresls. 
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KOOES  OF  OPERATIONS  AND  STOICHIOMETRY  OF  FUROSEMIOE- 
SENSITIVE  Na  AND  K  FLUXES  IN  HUMAN  RED  CELLS 
H.  CAHESSA  and  C.  BfiJGNARA 

oepartoent  of  Physiology  and  Biophysics,  Harvard  Hedical 
School,  Boston,  Mass  02115 

Six  modes  of  Ha  and  K  transport  can  be  inhibited  by  furo- 
semide,  in  the  presence  of  0.1  mM  ouabain  in  human  red  cells 
Experieental  evidence  will  be  provided  for  inward  and  outwarc 
transport  of  Na-k  pairs,  k-K  exchange  and  Na-Ka  exchange  and 
uncouppled  Na  and  K  efflux. 

The  modes  of  operation  depend  from  the  relative  ratio  of 
Na  and  K  concentrations  at  both  sides  of  the  membrane  which 
d<“tenaine  coupMng  interactions  such  as  cis  and  trans  stimu¬ 
lation  and  trans-inhibition  between  furosemide-sensitive  (FS 
Na  and  K  fluxes.  A  minimal  model  for  a  reaction  scheme  of 
a  Na-K  cotransport  system  can  accout  for  these  interactions 
and  the  variable  stochiometric  ratio  between  FS  Ha  and  K 
fluxes. 

At  the  physiological  range  of  external  and  internal  Naand 
K  concentrations  the  transport  reaction  has  an  stoichiometry 
of  2  Nio  ♦  3Ko  “  2  Nai  ♦  3Ki  with  an  apparent  equilibrium 
constant  of  17  and  of  3  for  an  electroneutral  coupling  to 
chloride  movements.  The  apparent  equilibrium  constant  of  the 
Na-K  cotrani^rt  reaction  predicts  that  In  cells  with  high 
chloride  ratio,  the  system  will  perform  net  Na  extrusion  at 
physiological  Na  and  X  concentration.  Incellswithlow  chlorv 
de  content,  the  t  ransport  reaction  wi  1 1  be  operating  In  the  in¬ 
ward  direction  as  an  inward  chloride  pump  and/or  accumulating  K-. 
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THE  BEHOIOH  KUSCLE  0?  THE  LOBSTER  ANTENNA  :  CHARACTERIZATION 
OF  ITS  SARCOPUSHIC  RETICULUM  AND  SKINNED  FIBER  EXPERIMENTS 
M.  VlHat.  K.  Ronjat,  Y.  Chapron  and  Y.  Dupont 
Lab.  Biol.  KolEculaire  et  Ccllulaire.  D«pt  de  Recherche 
Fondasentale,  Orenoble,  France. 

The  synchronous  remoter  muscle  of  the  lobster  second 
antenna  is  known  to  produce  rapid  and  weak  contraction  and  to 
have  an  extraordinarily  profuse  sarcoplasmic  reticulum  (SR). 
(1)  Vesicles  of  this  SR  have  been  orepared.  They  contain  one 
major  protein,  the  100  KD  M.tf.  Ca*  ATFase  (55  %  of  the 
amount  in  protein).  The  Ca^*-actlvatcd  ATFase  and  Ca  * 
transport  have  been  measured.  The  activity  Is  high,  more  than 
4  ^»oles/og  protcln/oin,  and  the  coupling  ratio  is  2.  There 
is  no  detectable  passive  Ca  permeability  and  no  Ca 
independent  Mg"*  ATFase  activity.  The  Ca"  binding  has  been 
neasured  on  these  vesicles,  vhich  amounts  to  8  nsolcs/ng 
protein  with  a  dissociation  constant  lO'  M.  (2)  The  intact 
reootor  muscle  was  preincubated  for  hours  in  a  Ringer 
containing  peroxydase-glutaraldehyde  ouabain.  After 
hoaogeneization,  fractionation  xas  performed  on  a  sucrose 
gradient.  IS  %  of  the  proteins  were  contained  in  an  heavy 
band  showing  perexydase  activity  and  containing  Ca  ATFase. 
This  band  represents  fragments  enriched  in  contact  membranes 
oetween  SR  and  tubules.  It  is  uniabelled  «iith  '^H-ouabain, 
indicating  the  absence  of  Na-K  ATFase  in  chat  a-ei  contrary 
to  »he  knovm  fast  vertebrate  muscles.  (3)  Skinned  fiber 
-xperlments  have  been  performed.  Contractures  in  •^he  range  of 
Ibc  clUigranme  have  b-en  measured  on  a  single  split  fiber. 
Ihey  reveal  a  classical  behaviour  of  the  remoter  regarding 
the  sensitivitV-lO-calLcla  ta  tiu*  rcXjrJ^  of  calciua. 
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OLMODOLIN  A.VD  ITS  ROLE  ON  THE  ATP  ^  Pi  EXOtANGE  REACTION 
A.NO  Pi  DBPEIiDBNT  PHOSPHORYLATION  OF  THE  CARDIAC  £ARC0LC»1AL 
(Ca^^  *■  Mg^^)-ATPa3o.  Jaino  Mas-Oliva.  Dopartanonto  do 
Dioonorg4tica,  Centro  de  Invertigacionos  on  Fisiologia 
Celular,  Oniversidad  Nacioral  Auednona  do  Mdxico.  AP  70-600 
04510  Mxico,  D.F. 

It  has  been  desonstrated  that  calmodulin  sciaulates  an  a 
calciiv^  dependent  way  the  ATP  hydrolysis  as  woll  as  the 
ATP  ^  Pa  exchange  reaction  carried  out  by  the  sarcole»nal 
(1)  and  tho  red  cell  (2)  (Ca^*  ♦  Mg^+l-ATPaso. 

The  modulation  of  the  ATPaso  reaction  cycle  was  control¬ 
led  by  high  and  low  affinity  sites  for  calcium  osytnetrically 
locat^  on  tho  ontyme, 

A  calmodulin  like  effect  perfomod  by  trypsin  was  obser¬ 
ved  foi  tho  ATP  ^  Pi  exchange  reaction  catalyzed  by  the 
(Ca2+  ♦  Mg2*).ATPaso  of  intact  sarcolcwao.  In  contrast, 
vhen  calmodulin  depleted  sarcoloneal  vesicles  wore  erployed 
trypsin  imporcantly  decreased  tho  exchange  reaction  or 
S)^tho8is  of  ATP. 

It  has  been  also  observed  that  together  ^ith  tho  laodula- 
tion  of  calmodulin  upon  tho  ovorall  reaction  sequence  of 
the  enzyme,  the  Pi*<!ependont  phosphorylation  of  tho  ATPase 
showed  to  bo  inhibited  by  colnodulin.  This  Pi;^cpendont 
phosphorylation  of  tho  sarcolomal  (Ca^^  *  Mg^^)-ATPase  was 
observed  to  be  codified  depending  on  the  water-organic 
solvent  mixture  employed  in  tho  incubation  mediu.m.  Suppor¬ 
ted  by  COKACyr  Grant  ICSAXHA-001872.  1)  Mas<OUva,  J., 
de  Hois,  L.  and  Xnosi,  G>  Blochenictr>'  (1983)  22,5822.  21 
Has-Oliva,  J.  Biochim.  Biophys.  Acta  (submitted). 
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RADIATION  PRCIECTION  FACT0R<S)  OF  HUMAN  ERYTHROCYTES; 

A  BIOPHYSICAL  STUDY,  H.AS.AI-Shnlckly  and  H.A.  Al- 
Jouboupy,  Dopsrtnontoof  Biology,  College  of  Science, 
University  of  Bajjhdad,  AdhaaU,  Bagn-lad,  IRACf. 

loss  V:V  intact  huann  -^rythrocytoe  <lxlO'  coU/nl), 
washed  and  cuspandod  in  sucrose  trie  buffer,  ver*-  Irr 
-adlated  with  gaaaa  and  ultraviolet  rad¬ 

iations.  The  aoouat  of  potacciua  offlux(K  )and  *he 
percentage  haeBolpsic  (jCH),  which  were  tnkeb  at  p-ir*- 
aeters  of  the  radiation  response,  .'ere  dArectly  rcl-t 
-od  to  tho  given  docoe  of  radiation,  bathed  orytaroc 
-ytes,  suspended  in  supernatant  extracted  fros  blood 
samples  irradiated  to  a  eub  hoesolytic  dose  of  gamma 
radiation  .snowed  a  reduced  response  to  both  typcc  of 
radiation.  Extent  of  reduction  (protection)  vary  with 
the  dllullon  ofthe  cupornatant.  Kaxlsua  reduction  In 
reeponso  to  ultraviolet  radiation  ere  85'  end  hOk,, 
to  ga-aa  radiation  gjii  and  U$%  as  aeasured  by  and 
roepectlveiy.  Content  analysis  of  wxtrret'‘d 
-atant  revealed  trio  sxictence  of  low  and  oljh  rol^cul 
-ar  weight  prot^'int  a.nd  divalent  Ions.  The  rol©  of 
/‘ach  was  ovoluited  z.nd  a  t'o-oIVIo  nochanica  of  livid 
photoperoxldation-r^tontion;  and  hence  protection  .-as 
Inff'^red, 
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KOLECULAR  MECIUIIISIZS  OP  ELEOTKOH  TRANSiFORX  III 
BIOiOOICAL  MEWBRAUFS 

A.B.  Rubin,  Departmont  ol  Biology,  Mouoow  State 
University ,  USSR. 

.studies  of  photosynthetic  notibrones  and  their 
frogsents  by  advanced  speotrosoopio  techniques 
(kinetic  absorption  and  luninesoence  analyses, 
ESR,  KUR,  JJosabsuer  obsorption  and  Rayloish  soa- 
toring  spectroscopy)  and  an  analysis  of  tho  ob¬ 
tained  expericientai  data  by  applying  specially 
developed  theoretical  approaches  node  it  possible 
to  obtain  for  the  first  tine  quantitative  rcla- 
tiono.iips  between  the  efficiency  of  individual 
electron-transport  processes  of  photosynthesis 
and  structurol/dynanio  poroneters  of  the  systeas 
investigated  (chloroplasta,  bacterial  ohronato- 
phorcs,  isolotod  reaction  centers). 

It  Is  sho.rn  that  the  role  of  blologi  ,ol  nera- 
bronc-bound  naoronoleculos  is  not  restricted  to 
the  fomatlon  of  static  cquilibrlura  configura¬ 
tions,  but  Includes  dynamic  configurational  chan¬ 
ges,  both  spontaneous  and  induced,  through  which 
configurations  favorable  for  electron-exchange 
interactions  are  produced. 
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Two  distinct  classes  of  ATP  binding  sites  in  Sarcoplasalc 
Reticulua  Ca-ATPase  revealed  by  fluorescence  of  TKP-ATP. 
Dupont, Y..  Pougeois.R.,  Rcnjat.H.  and  »Yerjovsky-AIceida*S.» 
"CKC,  centre  d' Etudes  Nucl^alre,  Grenoble,  France 
*OeparUDent  of  Siochetaistry,  UFPJ,  Rio  de  Janeiro,  Brazil. 

2'  ,3'-0-(2,4,6,-trinltrophenyl )  adenosine  5'  triphosphate 
(TNP'ATP)  binds  with  high  affinity  to  the  SR  Ca>ATPase  (Kd  s 
50  to  150  nH).  The  nusiber  of  binding  sites  which  was  found 
(around  7  nnol/mg)  Is  cocipatible  with  one  single  site  per 
110  kOalton.  Cofi^etltion  between  TNP>ATP  and  ATP  was 
teasured  in  the  absence  of  calclua  by  following  Uie  TKP*ATP 
fluorescence.  It  was  found  that  TNP-ATP  and  ATP 
coDpetltivbly  bind  to  two  classes  of  sites  of  equal 
concentrations  (3.5  nool/ing).  ATP  dissociation  constants 
were  evaluated  froa  the  aaplitude  of  the  chase  of  TWP-ATP  by 
ATP.  In  the  absence  of  1^24-  (independently  of  pH)  or  at  acid 
pH  (independently  of  Hg24  concentration)  the  nucleotide 
sites  behave  like  one  single  faailv  of  sites  of  interniediate 
affinity  (Kd  s  20  uH).  They  become  splitted  into  two  classes 
of  sites  of  high  (2  pH)  and  low  affinity  (>  500 ^K)  at  pH 
values  higher  than  neutral  and  in  the  presence  of  1^2*^  The 
calciua  activated  ATP  hydrolysis  shows  a  con:plex  sensitivity 
to  these  derivatives  with  one  inhibitory  and  one  activatin'g 
coKponent,  the  latter  being  specific  of  THP-ATP  (or 
TNP-AKPPNP)  but  absent  for  TNP-AOP.  Each  of  these  coaponents 
is  in  competition  with  ATP.  This  demonstrates  that  the  two 
ATP  sites  are  interacting,  the  hydrolytic  activity  of  the 
high  affinity  ATP  binding  site  being  activated  by  ATP  (or 
TNP-ATP)  binding  in  the  low  afhnlty  ATP  binding  site. 
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WATER  AND  PROTOM  PERMEABILITIES  ACROSS  MEMBRANES. 

PUterIch,  H.  and  lawaczeck,  R. ,  Inst,  of  Phys.  Chea.,  Hniv. 
of  WUrzburg,  Karcusstr.  97u  ,  0-8700  Wurzburg 

Passive  proton  translocation  across  rcembranes  nay  be 
coupled  to  the  existence  of  intralamellar  "water-wires".  We 
have  therefore  studied  the  permeation  of  water  and  protons, 
both  under  identical  conditions,  across  lecithin  bilayers 
and  erythrocyte  ghost  oenbranes. 

The  water  penoeation  was  measured  by  our  probe  free  rciethod 
as  the  020/H20  exchange  relaxation  rate.  The  technique  (8io- 
phys.  J.  45:491  (1984)}  is  based  on  the  different  indices  of 
refraction  of  H20  and  020.  The  proton  peitseatfon  is  nonftor- 
ed  by  intracellular  pH  dependent  probe  nolecules  in  the  sane 
set  of  experioents  in  which  the  water  perrseation  is  ocas- 
ured;  the  reduction  of  an  induced  pH  asynnetry  across  the 
membranes  is  followed.  The  fluorescence  or  absorption  signal 
is  first  converted  to  a  proton  concentration  before  pensea- 
bility  cofficients  are  calculated. 

For  lecithin  vesicles  below  the  phase  transition  temperature 
(Tc)  the  permeation  of  protons  and  of  H20/020  is  equivalent. 
Both  processes  become  faster  above  Tc.  Membranes  of  erythro¬ 
cyte  ghosts  are  significantly  more  permeable  to  water  mole¬ 
cules  than  to  protons.  The  results  for  lecithin  bilayers  are 
consistent  with  a  Grotthus-llke  mechanism,  especially  In  the 
ordered  state.  However,  the  low  proton  penceabilities  com¬ 
pared  with  the  high  values  for  water  in  membranes  of  cry- 
throcy^e  ghosts  do  not  favor  longlived  and^r  ordered  "water 
•wires"  as  proton  channels  in  biological  membranes. 
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CONJOINT  ENHATiCEKEHT  OF  LEAK  PERMEABILITY  AND  TRANSBILAYER 
MOBILITY  OF  PHOSPHOLIPIDS  IN  CHEMICALLY  OR  PHYSICALLY 
PERTURBED  ERYTHROCYTE  MEMBRANES 

B.  Oeuticke,  C.W.H.  Haest,  K.B.  Heller,  Department  of  Physio- 
logy,  n»ilf  Aachen,  PauwelsstraBe,  C-5100  Aachen,  F.R.6. 

Biological  membranes  as  a  rule  fora  a  tight  seal  againsv 
uncontrolled  dissipative  fluxes  of  ions  and  polar  solutes  and 
maintain  a  low  transverse  mobility  of  phospholipids  (PL). 

Both  barrier  properties  are  not  a  mere  consequence  of  the 
nature  of  the  rse^rane  constituents.  Reconstituted  lipid/ 
protein  membranes  In  many  cases  exhibit  a  high  leak  permeab¬ 
ility  and  transverse  mobility  of  PL.  We  have  now  demonstrated 
that  con^ioint  increases  of  leak  permeability  and  transbilayer 
nobility  of  PL  occur  in  erythrocytes  subjected  to  membrane 
perturbations  by  (a)  cxidative  stress  (diamide,  periodate, 
t-butylhydroperoxidel  or  (b)  dielect  ic  breakdownI4-i2  kV/cra, 
0®CJ.  These  treatments  produce  leaks  reversible  by  reducing 
agents  (a)  or  37^C  incubation  (b).  The  leaks  have  the  proper¬ 
ties  of  aqueous  pores  with  apparent  radii  of  0.5  -  0.8  nn, 
and  a  low  of  permeability  (1.1  -  1.3).  They  discriminate 
ions  according  to  hydrated  radii  and  charge.  Transbilayer 
mobility  (flip)  of  PL,  probed  by  labelled  analogues,  increa¬ 
ses  markedly  (>100-fold)  in  parallel  with  leak  formation, 
the  Qm  of  enhanced  flip  being  lower  than  that  of  the  normal 
flip.  Close  parallels  between  the  properties  of  the  leaks  and 
the  flip  sites  suggest  the  same  perturbation  of  the  lipid 
domain  or  lipid/pfotein  interfaces  to  be  responsible  for  the 
two  phenomena. 

Supported  by  the  Deutsche  ForschungsgefBeinschaft  (SFB  1$0/C3) 


IHPLUENCB  OP  UaiBRAKB  POTENTIAL  AND  LIPID  COIO^OSI- 
TION  ON  PASSIVE  ION  TRANSPORT  OP  ERYTHROCYTES 
I.  Bernhardt,  A,  Brdnann  and  R.  Glaser,  Department 
01'  Biophysics,  Huaboldt-University,  Berlin,  GDR 
The  dependence  of  the  rate  constant  of  Rb-86 
efflux  of  crythi*ocyte3  of  various  nanaalian  spe¬ 
cies  on  extracellular  cation  concentration  was 
noasured.  At  low  ionic  strengths  Rb'*’  efflux  in¬ 
creases  strongly  e.g*  in  hunan  erythrocytes  where¬ 
as  bovine  erythrocytes  show  no  significant  incre¬ 
ase  under  the  sane  condition.  The  tranoneabrane 
potential  (neasurenent  of  C1-3G  distribution)  as 
well  as  surface  potential  (neasurenent  of  electro¬ 
phoretic  nobility)  are  einilcr  for  both  species. 
Therefore  the  monbrane  potential  difference  Is  not 
solely  responsible  for  the  Increase  of  the  Rb"^  ef¬ 
flux  in  solution  of  low  ionic  strength.  Erythro¬ 
cytes  fron  newborn  calves  show  the  sane  increase 
of  the  rato  constant  of  Rb’’  offlux  in  solution  of 
low  ionic  strength  os  hunon  erythrocytes.  The  in¬ 
crease  depends  on  the  age  of  the  calves  and  corre¬ 
lates  with  the  content  of  orachidonic  acid  (de¬ 
creases  with  ago)  and  linoleic  acid  (increoa''o 
with  age).  Investigations  with  Furosoaide,  Quinine 
and  without  external  potassium  have  proved  that 
the  increase  of  Rb'*’  efflux  at  low  ionic  strengths 
can  not  bo  explained  on  the  basis  of  the  Ca^'*'  - 
oticulated  K'*’(Rb'*’)  efflux  and/or  the  Na'*’,K^  co¬ 
transport  mechanism. 
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DISCONTINUOUS  TCMPGRATIIRE  DEPENOeNCE  OF  WATER 
TRANSPORT  r^l  GIANT  ALGAL.  CELLS 
R.  SrejId,  P.R..  Aod^uSp  and  D.  VuCcUd,  Institute  of  General  and 
Riysical  Chemistry  Belgrade  University;  Cqurtmcnt  of  Physical 
Chemistry,  Faculty  of  Natural  Sciences  and  Mathematics, 
Belgrade  University,  StudentskI  trg,  Belgrade,  Yugoslavia 


A  newf  NMR  method  was  applied  to  the  measure«^ert  of 
water  efflux  (halftime,  Tw^)  If'  gient  Internodal  cells  of  Chara 
gymnophyUa.  .The  methoa^Is  based  on  the  dlnatolcal  suppreslon  of 
Intracallular  *H  signal  using  a  (’f-T-’’/2-T)  pulse  sequence  and 
OjO  as  the  extracellular  fluid,  with  dextrane  tnaqnotlle  as  the 
rtiaxallon  ageoL  Thus,  only  the  extracellular  ’w  signal  rise  has 
been  monitored-  A  detailed  exploration  of  the  T. temperature 
dependence  rcrtjlled  a  temperature  Independent  Veglon  between 
I9-29^C  (T, ..  5  22,9  *0.6  s)  and  two  distinct  peaks  at  12*^0 
(H5tl4  s>  and  30^C  (I54t8  s).  Measurements  of  OjO efflux  by 
means  of  an  analoguous  experimental  procedure  showed  no  large 
discontinuities  with  temperature.  It  has  been  shown  that  abrupt 
changes  of  Tjij  with  temperature  disappear  In  the  presence  of 
10  or  100  mM^KCl,  while  this  thermal  behaviour  remains  unaf¬ 
fected  by  I  mM  KCl.  Temperature  dependence  of  the  resting 
potential  In  C.  gymno^ylla  cells  showed  also  abrupt  depolarising 
changes  at  15  and  WC,  The  exposure  of  cells  to  0^0  elicits  an 
action  potential  followed  by  depolarisation;  in  contrast,  such 
Ganges  do  not  occur  when  "deutcrated"  cells  are  relumed  to 
APW.  Although  our  temperature  dependence  studies  reveal  o  close 
connection  between  water  transport  and  membrane  poientia:  (as 
well  as  protoplasmic  streaming  above  30rC),  the  mechanism  of 
the  desnbed  thermal  behaviour  of  water  transport  remains 
he  elucidated. 
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^ATERNAHK  SISUOWSSS  OF  IIS  CWBULISS  FSOH  SOVA  A®  KA 

M  J  Miles.  V  J  Morris,  D  J  Mrl^l 

Food  Research  Instltutei  Colney  Lane,  Korwich,  UK. 
i  C  Nave 

SSRC  Daresbury  Laboratory.  Daresbury.  Varrlngtcn.  UK, 
Proteins  extracted  froa  soya  beans  and  peas  can  bo  used 
I  as  protein  sources  in  husan  nutrition.  The  production  of 

foods  based  on  these  proteins  depends  on  the  functional 
properties  of  the  proteins.  Many  functional  properties  of 
globular  proteins  are  deter&ined  by  their  three-disensional 
structure.  Snail-angle  X-ray  scattering  (SAXS)  studies 
frco  dilute  solutions  of  IIS  globulins  ftoa  soya  and  pea 
have  been  used  to  gain  information  on  their  quaternary 
i  structxires.  Faraneters  such  as  radius  of  gyration  and 

solecular  weight  can  be  derived  directly  froa  the  scattering 
curves,  but  sore  detailed  inforsation  has  been  obtained  by 
coaparison  of  the  details  of  the  experinental  scattering 
curves  with  scattering  curves  calculated  for  various  eodels 
taken  together  with  the  corresponding  aeasured  and 
calculated  values  of  the  sodiaentation  and  diffusion 
coefficients.  Most  Beasur<»ents  have  been  nade  using  a 
conventional  X-ray  generator  and  a  Xratky  eanera,  however, 
recent  aeasurcsents  using  the  high-intensity  Oareabury 
synchrotron  source  have  revealed  further  details  in  the 
scattering  curve  at  high  angles.  This  isproved  resolution 
appears  to  stea  frea  reduced  aggregation  and/or  denaturation 
of  the  proteins  resulting  froa  the  nuch  reduced  exposure 
tiaes. 
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STRUCTURE  FORMATIOM/OELATION  OP  AQUEOUS  DISPERSIONS 
C.J.Broimsey.  AFRC  Food  Research  Institute,  Colney  Lane, 
Norwich.  U.K. 

The  network  structure  eupported  by  themally  and 
eheaically  set  polysaccharide  gels  is  investigated  by  a 
range  of  eoapressive  and  shear  techniques.  This 
rheological  characterisation  of  alginates  and  carrageenan 
has  been  extended  to  aynthetio  dispersione  of  oloro- 
crystalline  cellulose  as  used  in  low  calorie  foods.  The 
dispersions  display  cany  of  the  properties  of  the 
pre-gel  state.  They  are  both  shear  and  shear  rate 
dependent.  The  teaporal  Mscoelastio  response  obeys 
power  law  relationship#  with  a  critical  concentration  of 
Above  this  value,  yield  values  are 
concentration  dependent  and  the  dynaalo  response 
inversely  proportional  to  shear  rate*  Theories  of 
cooperative  flow  and  tnat  of  elaetio  floo  forcation 
indicate  a  weak  atructure  whose  developaent  is  shear 
history  dependent.  The  gelled  state  Is  characterised  by 
a  frequency  dependent  oodulus  with  creep  and  stress 
relaxation  studies  determining  a  variable  coordination 
number  in  flow. 
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GCLATION  m  RETROCRADATION  Of  STARCH 

M  3  flileo,  V  J  Morris,  P  0  Orford,  S  C  Ring 

ATRC  food  Research  Institute,  Colney  Lane,  Norwich,  IK. 

Starch  is  the  major  storage  polysaccharide  of  higher 
plants  where  it  occurs  as  starch  granules.  Two 
polyscccharidcs  called  amylosc  and  a'aylc^ctin  cay  be 
extracted  froa  the  granules.  The  roles  played  by  these  tvo 
polymers  in  the  gelation  retrogradatiun  of  starch  has 
been  exaained  by  biophysical  methods.  The  formation  of  an 
opaque  thcrno-irreversible  gel  has  been  shown  to  be 
doeinated  by  the  gelation  of  oaylosc.  The  'anylopcctin 
granuks*  are  cunsidcred  to  act  as  porous  fillers 
reinforcing  the  aaylose  gel  network.  Lcng  term  storage 
results  in  an  increase  in  'stiffness*  of  the  gels.  This 
thcrno-reversible  change  has  been  shown  to  involve 
crystallisation  of  aaylopectin  within  the  granules.  Such 
crystallisation  is  believed  to  increase  the  rigidity  of  the 
granules  enhancing  reinforcecnent  of  the  amylose  gel. 
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TOE  IMTERACTIOS  OF  CALCIUM  PHOSPHATE  AND  PHOSPHOPROTEIN  JM 
BOVINE  CASEIN  MICELLES.  C.  Holt  and  D.T.  Davies.  TOe  Hannah 
Research  Institute,  AYR,  KA6  $HL. 

Although  mM  calcium  ion  conc-entrations  can  cause  casein 
to  aggregate  extensively,  in  the  native  casein  micelle, 
calcium  phosphate  also  occurs  and  could  act  as  a  cementing 
agent,  indeed,  it  has  been  suggested,  from  an  Q(AFS  study 
of  micellar  calcium  phosphate,  that  the  [^osphate  moiety  of 
the  phosphoserine  residues  in  the  caseins  are  incorporated 
to  the  calcium  phosphate  lattice,  so  anchoring  the  caseins 
to  the  micelle. 

To  examine  the  relative  importance  of  calcium  ion  con¬ 
centration  and  calcium  phosphate-phosphoprotein  interactions 
to  maintaining  micelle  structure,  milk  was  dlallxed  against 
various  buffers,  vihen  buffers  with  a  range  of  free  calcium 
ion  concentrations,  but  saturated  with  calcium  phosphate  and 
having  a  constant  pH,  free  magnesium  ion  concentration, 
iMiic  strength  and  osmotic  pressure  wore  used,  micelles  were 
found  to  dissociate  to  only  a  limited  degree  oven  at  the 
lowest  free  calcium  ion  concentration  studied  (0.6bM).  With 
a  phosphate-free  buffer,  however,  micelles  dissociated  pro* 
grossivoly,  oven  though  the  free  calcium  ion  concentration 
was  hold  at  ''sH,  once  the  micellar  calcium  phosphate  was 
reduced  to  low  about  60%  of  Its  initial  value.  Moreover, 
the  and  n-caselns  dissociated  more  readily  than  the  xM>ro 
highly  phospl>orylated  Ost-casoin,  which  in  turn  dissociated 
more  readily  than  the  most  highly  phosphorylated  a92<^slns. 
It  appears  therefore  that  the  calcium  phosphate-phospho* 
protein  interaction  is  more  important  than  frco  calci m  ion 
concentration  in  maintaining  micelle  structure. 
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ON  IH?  STATE  OF  HATER  IN  MAIZE  SEED  EMBRYO 
0.  BailO.  R.  SreJIO  are)  S.  RatkovIO,  Oept.  Phys,  Chen., Facul- 
ty  ot  sciences,  Onlverslty  of  Belgrade  and  Malae  Research 
Institute,  Zenun  •  Belgrade,  Yugoslavia. 

Several  physicochemical  techniques  (WR.OSC.TGA.IR)  Here 
applied  to  seeds  of  the  two  genotypes  of  maize  (UG4A  .  are) 
H64A  Op)  ecfitteirated  at  several  relative  humidities  (RH  ■ 

.  0-651)  In  order  to  define  the  state  of  water  In  the  seed 
embryo.  The  experiments  suggest  the  presence  of  at  least 
three  types  of  water.  The  main  fraction  of  water  (1),  which 
Is  in  ccmurication  with  enviroment  (RH  dependent),  can  be 
easily  excharqed  with  OpO  or  removed  hy  standard  drying  at 
378  K.  I«R  spin-spin  relaxation  time  (Tj)  of  this  water  is 
positively  correlated  to  Its  amount.  All  techniques  applied 
have  proved  the  existence  of  sene  additional  fractions  of 
water  (II  and  III)  which  are  not  removed  by  conventional  dry¬ 
ing  (e.g.  two  additional  peaks  in  OTA  s.id  TGA).  This  water 
is  not  dependent  of  RH  and  differs  for  two  genotypes,  Tlie 
experiaentt  with  defatted  embryos  proved  that  none  of  water 
fractions  can  be  associated  with  lipids.  The  proton  WR  sig¬ 
nal  of  fractions  II  and  III  Interferes  with  the  signal  of 
solid  matrix  (T2-7yis)  and  can  be  discriminated  by  succes¬ 
sive  drying  at  tenperatures  above  443  K.  This  water  is  most 
probably  tightly  bound  to  oacrmoleoules  (proteins,  carbo¬ 
hydrates)  and  is  "responsible*  for  seed  viability. 
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SALT  inOUCEO  STRUCIURAL  CHANGES  IN  HEAT 

P.  Hlldlng,  N.  Hedges  and  P.O.  lillford,  Unilever  Research, 

Colworth  House,  Sharnbrook,  Bedford,  UK. 

The  effect  of  hypertonic  salt  solution:  on  meat  fibres 
has  been  studied  as  a  function  of  post-mortem  storage. 
Rabbit  logissimus  dorsi  fibres  [after  about  20  hours  post 
mortem  storage  at  4‘'C),  were  found  to  swell  In  hypertonic 
salt  solutions  to  Z  to  3  times  their  original  diameter. 

This  swelling  occurred  in  the  fibre  transverse  plane  only. 
X-ray  diffraction  shows  swelling  occurs  by  a  combination 
of  an  Increase  In  the  myofllamerit  lattice  spacing,  and  a 
loss  of  myofilament  orocr.  Fibre  swelling  Is  highly 
cooperative.  At  pHs  below  the  meat  pi.  hypertonic  salt 
solutions  induce  fibre  shrinkage. 

Post-mortem  storage  had  a  pronounced  effect  on  the 
response  of  meat  fibre'  to  either  O.ZSH  KI  or  O.GM  KCl. 

The  post-mortem  time  course  of  response  shows  a  peak 
at  18-35  hours  bounded  by  period  of  minimal  or  zero 
response.  He  propose  that  the  collagenous  endomyslal 
sheath  acts  as  a  restraint  to  myofibril  swelling  and  that 
the  characteristics  of  post-mortem  swelling  are  a  balance 
of  the  myofibrillar  propensity  to  swell  and  the  constraint 
of  the  endomysium. 
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A  STUDY  or  DIIAIATIOM  A\'D  ACOUSTIC  PROPAGATlffiT  lU 
CRYSTALLISING  OILS, 

M.J.H.  Pqvoy*  Procter  Departftcnt  of  food  Science, 

University  of  Leeds,  Leeds,  UK. 

The  derivation  of  the  relation^xp  between  acoustic  and 
volt^  dilatations  presented  here  Is  based' on  studies  of 
sei^ic  propacjalion  by  Kuster  and  Toksoz,  who  include  inthcjir 
theory' ocoustic  propagation  in  a  fluid  catrix  containing 
solid  inclusions,  as  a  special  case.  The  relationship  takes 
the  form 

(1-4v/v*)^=(1-cK)(1-m;R)/(1-cR) 

where  I  call  the  quantity  av/v*,  the  acoustic  dilatation:  v* 
is  the  effective  acoustic  velocity;  avsv»-v  where  v  is  the 
coispressiondl  wave  velocity  in  the  liquid  eatrix;  «  is  the 
volume  fraction  of  solid;  H  and  K  arc  diocnsionless  quantities 
whidi  d^end  on  the  densities  and  cocnpressibilities,  respec> 
lively,  orboth  phases.  The  relationship  holds  in  the  long 
wavelcngtti  lioit  and  has  been  verified  experiaentally  for  a 
range  of  oils  and  tristearln,  diluted  with  triolein.  The 
solid  content  never  exceeded  152».  5  Wz,  pulsed  ultrasonics 
were  used  to  ceasurc  acoustic  velocity  and  dilatocsertry  was 
used  to  deteraine  c.  I  anticipate  that  this  theory  eiay  porait 
the  application  of  acoustics  to  the  aeasureaent  of  solid 
content  and  compressibilities  in  crystallising  systetis  such 
as  oils  and  an  presently  extending  this  work  to  solid 
contents  exceeding  1SS  and  the  study  of  phase  transforoations 
in  crystallising  triglyceride  oixtures.  Extension  of  this 
nethod  to  a  solid  aatrix  containing  gaseous  inclusions  is 
also  beino  studied. 
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A  'iUSBIOIMETRIC  METHOD  FOS  THE  DETERMINATION  OP  THE 
REFPACTIVE  INDEX  OP  CASEIN  MICELLES  M.C.A.  Griffin  and 
W.C.  Griffin,  NIRO,  SMnfield,  Reading,  UK,  and  EMRZ, 

Brunei  University,  Runnysedo,  Eghaa,  UK. 

A  contrast  variation  oethod  which  is  derived  froa 
Rayleigh»Gans-Debi«»  theory  for  doteraining  the  refractive 
index  of  colloidal  particles  by  turbidiactry  is  exaained. 
it  is  found  nuaerically  to  apply  to  Mle  particles  in  the 
range  |a-l  I  <0«<I0,  Experisents  using  polystyrene 
latices  of  various  sizes  and  colloidal  silica  show  that 
approxieate  turbidlMes  acasured  in  a  conventional 
spectrephotoaetor  uffice  to  give  a  tzuo  estlaate  of  the 
particle  rofractivi  index.  Measureaent  of  the  refractive 
index  of  casein  ai  oUcs  of  bovine  ailk  by  this  aothod  gives 
a  value  of  1.570  s  O.COS.  This  will  have  application  in 
the  interpretation  of  light  scattering  studies  on  the 
structure  of  the  casein  aicolle. 
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COMPARISON  OF  THE  RHEOLOGICAL  PROPERTIES  OF 
AQUEOUS  DISPERSIONS ‘OF  STARCH  GRANULES  FROM  WHEAT 
AND  MAIZE. 

S.G.Wdight,  P. Bowler,  R. A. Harsh  and  O.A.Oarvis, 
Bioaalecular  Sciences  oeparttaVnt,  RHM  Research 
Ltd.,  High  Wycoobe,  Bucks.  U.K. 

The  rheoiogicil  properties  of  aqueous  dis¬ 
persions  of  wheat  and  aaize  starches  were  studied 
using  a  range  of  measuring  techniques.  Gelatini- 
sation  {the  loss  of  molecular  order  within  the 
granule  and  subsequent  dissolution/dispersion  of 
granules  in  water)  was  investigated  with  an 
oscillatory  shear  rheometer  using  parallel  plate 
configuration.  Retrogradation  of  gelatinised, 
cooled  dispersions  was  studied  by  measuring  the 
changes  in  shear  aodulus{G)  using  a  pulse 
shearometer,  and  gel  strengths  were  measured 
using  a  compression  test. 

The  rheological  properties  exhibited  by  wheat 
and  maize  starches  during  gelatinisation  suggest 
that  maize  starch  is  more  fully  dispersed  than 
wheat  starch  under  the  test  conditions. 

Differences  in  the  extents  and  rates  of  retro- 
gradation  measured  by  shear  modulus  and  gel 
compression  studies  also  support  this 
interpretation. 
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HONINVASIVE  PHOSPHORUS-31  NKR  STUDIES  OF  METABOLITES  IN  MEAT, 
P.  Lundberq  and  H.J.  Vogel,  Dept.  Physical  Chemistry  2,  Univ. 
of  Lund,  "Sweden  and  S.  Fabiansson,  £.  Tomoerg  and  H.  RudSruj 
Swedish  Meat  Research  Institute,  K^'vlinge,  Wden. 

The  metabolism  of  phoshoryl^ted  compounds  in  meat  samples 
from  cow,  pig  and  latrb  was  studied  noninvasivcly  by  NHR 
during  10  hours  after  slaughter.  During  post  mortem  metabo- 
lisn  phosphocreatine  and  ATP  disappearedT^garpKosphates 
(mainly  glucose-6-P,  fructose-^-P  and  glycerol-S-P)  regained 
relatively  constant  and  inorganic  phosphate  (Pf)  was  con¬ 
tinuously  formed.  The  intracellular  pH  as  deduced  from  the 
chemical  shifts  of  and  G-6-P  decreased  froa  7  to  5.7. 

The  ATP  content  plotted  as  a  function  of  pH  showed  a  linear 
relationship.  When  the  NHR  results  were  compared  with  those 
obtained  using  routine  methods  for  determining  pH  and  meta¬ 
bolism  levels  a  good  quantitative  agreement  was  found.  The 
rate  of  post  mortem  metabolism  decreased  in  the  following 
order  pig  >  iact>  >  cow.  Bovine  samples  frozen  in  liquid  Ka 
15  min.  after  slaughter  displayed  a  10  tines  faster  post 
mortem  metabolism  during  thawing.  Moreover,  low-voltage 
electrical  stinwlation  of  bovine  samples  resulted  in  a  some¬ 
what  increased  rate  as  compared  to  controls.  He  conclude 
that  noninvasive  NHR  provides  a  useful  cocoplement  to 
existing  methods  for  studying  post  mortem  metabolism  in 
samples  from  slaughter  carcasses. 


THE  INFLUENCE  OF  PFOCESSlNO  ON  THE  STPl'CTCRE  OF  MAIZE 
P  E  Brenner,  P  Richmond  and  A  C  Smith,  Food  Rea.  Inst., 

Colney  Lane,  Norwich,  UK. 

The  extrusion  cooking  process  has  rapidly  developed  In 
recent  years  for  the  continuous  cocking  of  a  wide  range  of 
food  materials,  particularly  coreals.  The  cooking  extruder 
subjects  the  material  to  a  complex  history  which  depends  on 
the  path  traversed  by  each  food  element.  In  a  typical  ex¬ 
truder  the  material  undergoes  high  temperatures  lup  to  200*0 
high  pressures  Cup  to  2000  p.s.l)  and  lU-deflncd  high, 
transient  local  stresses,  strains  and  strain  rates  In  a  time 
of  30-90  seconds.  In  a  typical  process  the  cereal  is  con¬ 
veyed  as  a  solid  powder  which  Is  transformed  Into  a  viscous 
i  dough.  The  visews  dough  may  be  expanded  on  exit  frcai  the 

extruder  die  as  a  insult  of  the  release  of  superheated  water. 

'  The  structural  transformations  In  maize  and  rMze  starch  are 

examined  as  a  function  of  passage  down  the  extruder  barrel 
■  using  scanning  electron  microscopy.  The  aqueous  dispersion 

rheology  of  raw,seml-cooked  and  extruded  maize  Is  examined 
^  under  a  number  of  extrusion  conditions.  The  viscosity  is 

i  exaained  as  a  functlwi  of  shear  rale  and  of  heat  treatment  of 

the  dispersion.  While  the  raw  maize  dispersion  exhibits  a 
transltlc«  from  shear  thickening  to  shear  thinning  behaviour 
on  heat  treatment  the  extruded  nalze  dispersion  is  almost 
Newtonian  before  and  after  heat  treatment,  ^e  results  are 
Interpreted  In  terms  of  starch  gelatinisation  and  breakdown 
and  aJco  solubility  phencmena.  The  results  of  these  experi¬ 
ments  provide  an  Insight  into  the  Interaction  of  extruded 
cereals  and  starches  with  water  as  appropriate  to  the 
production  of  instant  foods. 
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PARtlClC  Silt  DISIRIDUIIOYS  IN  SOYA  BCAN  OIL  EHOLSIONS 
H.H.  Robins  and  A.R.  Hackle,  ATfiC  food  Roanarch  Institute, 
Colney  lone,  NorvJch,  Norfolk,  W<, 

Drcplet  size  dlstrlbutlcns  of  25^  soya  been  oil 
eeulslons  ccntainlng  eeaulsifler  (Tveen  60)  and  stabiliser 
(propylene  glycol  alginate^  have  been  rcasured  using  a 
Halvem  2700  Pulse  Partlclo  Sizar.  Initially  a  cen^arisen 
vas  node  betvecn  the  Malvern  sizer  and  a  Coulter  Counter 
TAli.  four  orulslcns  vere  measured  by  both  techniques  with 
particle  shea  ranging  from  0.5  to  10  ua.  Ihc  dlstribullcns 
obtained  from  the  two  Instruments  vero  not  significantly 
different.  Experlr^nts  were  carried  cut  cn  two  enulstcns, 
emtaining  0.55  and  0.055  Tveen  60,  in  addition  to  15 
propylene  qlycol  alginate.  The  erulsions  were  produced  cn 
a  laboratory  scale  tvo-atage  valve  hcnogenlser,  at  total 
pressures  1000,  7000  end  5000  pel,  with  one  or  two  passes 
at  each  pressure.  Ihe  initial  eeen  voluae/surfa^ 
dlercter  of  Ih^  drcpleU  depended  tn  (pressure)"®*^  only 
at  the  higher  erulslfiar  concentration.  At  0.055  Tween  60 
the  particle  size  increased  vUh  pressure.  Ihese  crulsicna 
were  unsteble,  end  the  change  in  size  distribution  over  a 
period  of  7  Months  wes  measured.  The  eetiUions  containing 
0,55  Tween  60  sheved  little  change  in  particle  size  over 
this  period. 
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STRUCIURt  OF  CONCENIRAIFO  HHEAT  STARCH  GELS 
D.A. Jarvis ,  l.S.Besford  and  R. A. Marsh,  The 
Lord  Rani:  Research  Centre,  Lincoln  Road, 

Wycorabe,  Bucks,  HR12  3QR,  England. 

Coabined  oeasoreoents  of  crystallinity  and 
gel  modulus  have  been  cade  on  concentrated  wheat 
sta.nh  gels  {starch  concentration  varying 
between  38^  and  S4X)  to  provide  Infornation  about 
the  structural  changes  which  occur  on  ageing. 

OSC  was  used  to  follow  the  developnent  of 
crystallinity,  and  a  aechantcal  spectroaeter  was 
used  to  neasure  the  increase  in  shear  aodulus. 

Storage  teoperatures  of  and  21®C  were 
considered. 

Results  obtained  show  that  for  a  given  gel 
the  rate  of  increase  In  gel  oodulus  is  different 
froo  the  rate  of  development  of  crystallinity. 

The  dependence  of  gel  modulus  on  starch  concen> 
tration  is  also  found  to  be  different  from  that 
of  crystallinity.  These  results  are  considered 
in  terms  of  a  structural  aodel  for  concentrated 
starch  gels. 

Results  on  the  effect  of  storage  temperature 
demonstrate  that  the  structure  which  develops  in 
a  gel  stored  at  4^C  is  different  from  that 
which  develops  at  ZrC. 
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or  CANINE  SAIIVABY  GIAND  M.  Itjrakaal.  H.  Horl,  I. 
Nakahari,  Y.  Xnai,  Y.  Seo*  and  H.  Vatari**  Dept.  Physiol.. 
Osaka  Ked.  Coll.,  Takatsuki  569,  Japan,  *Dept.  Physiol., 
Kyoto  Pref.  Univ.  Ked.,  Kyoto  604,  Japan  and  ••Dept,  of  Mol. 
Physiol.,  Natl  Inst.  Physiol.  Sci.,  ‘Sasaki  444,  Japan. 

Canine  subaandibular  glands  secrete  large  asomts  of  saliva 
after  chorda  stinulution  and  siaultaneousluy  heat  production 
is  elevated.  In  order  to  study  the  kinetics  of  phosphous 
coapounds  in  epithelial  transport,  we  applied  the  topical 
eagnetic  resonance  (7MR)  to  living  canine  subeandlbular  gland 
and  the  conventional  NMR  to  the  extracted  one  which  was  set 
in  a  NXR  sa»ple  tube  (30  ew  dianeter)  with  perfusion  by 
Finger  solution.  Phosphorus  conpounds  in  the  gland  were 
assigned,  and  phosphours  conpounds  and  pH  were  detertsined 
during  anoxia  resulting  froo  stopping  the  flow  of  blood  to 
the  gland  or  the  perfusion  fluid,  and  also  duri..2  secretion 
induced  by  acetylcholine.  Vhtn  the  blood  flow  or  the 
perfusion  of  the  gland  was  stopped,  the  tissue  concents  of 
ATP  and  creatine  phosphate  decreased  and  that  of  ADP 
increased,  and  tissue  pH  decrease'.  Restarting  blood  flow  or 
pifusion  after  10  oinutes  of  anoxia  led  to  recoveries  of  the 
tissue  content  of  the  phosphorus  coopound&  and  tissue  pH  to 
nomal.  tcetylchoiine  administration  (10*^K  in  perftisate  or 
blood)  induced  secretion  of  saliva,  decreased  the  level  of 
creatine  phosphate.  When  Na  ion  was  replaced  by  Li  ion  in 
perfusate  a  little  salivation  was  observed. 
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ROTATING  FRAKE  NKR  IMAGING  USING  TVO  SURFACE  COILS 
A.  Haase,  Hax-Planek-Institut  fur  biophysikallsche  Chenie 
Postiach  2841,  0-3400  Gottingen,  W.-Geinany. 

Rotating  frame  Imaging  (RFI)  can  be  easily  modified 
to  allow  chemical  shift  imaging.  The  technique  has  been 
applied  using  tne  natural  radio-frequency  gradients  of  a 
surface  coil  (1).  Applications  of  this  method  frr  in  vivo 
NMR  studies  are  limited  due  to  the  three-dlDens<onal 
radio-frequency  gradient  of  a  surface  coil  (2).  Using  fwo 
surface  coils,  the  problem  car,  be  solved.  Two  orientations 
of  the  coils  have  been  investigated  in  detail: 

a)  Two  coplanar  surface  coils  with  one  large  surface  coil 
transmitter  and  one  small  surface  coll  receiver,  Uith  this 
arrangement  one-dimensional  "Inagiug"  of  hIgh-resolution 
NMR-spectra  is  possible. 

b)  Two  orthogonal  surface  colls  with  both  coils  as  trans¬ 
mitters  and  one  coil  as  receiver.  The  technique  is  a  two- 
dimensional  chemical  shift  imaging  technique. 

The  corresponding  multiple-coil  NMR  probe  has  to  be  magneti¬ 
cally  decoupled.  A  new  decoupling  scheme  will  be  presen¬ 
ted  in  detail.  Goth  methods  have  been  demonstrated  on 
phantoms,  containing  Inorganic  phosphate,  phosphocrcatine 
and  ATP. 

(1)  A.  Haase,  C.  Malloy,  G.K.  Radda,  J.  Magn,  Res.  55, 

164  (1983)  ~ 

(2)  A,  Haase,  M.  Hi'nicke,  0.  Frahm,  J.  Magn.  Res.  56,  401 

(1984)  — 
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INFLUENCE  OF  KA.VCA.NOUS  ION  ON  NMR  SPEaRA  OP  HUMAN  ERY- 
IHROCYTE  SUSPE.NSIONS.  A.  OeacM.  Uept.  of  Physiology  and 
Blophvsie^,  I’nlv.  of  Zlllnols  at  Chicago,  P.O.  Box  6998, 
Chicago,  IL  60680,  U.S.A. 

Tho  influence  of  increa<9lng  MnCl2  concentration  on  the 
broadening  of  extra-  and  intracellular  NKR  slgnal9  of 
erythrocyte  (RBC)  suspensions  was  investigated.  When  spec¬ 
tra  of  0,16M  KCl  solutions  containing  lOxM  aethyl  phospho- 
nate  (K**P)  and  501  P|  v^re  acquired  with  the  one-pulse 
method,  KeP  and  Pj  signals  were  no  Unger  evident  at  10'* 
and  .HnCl2,  respectively.  With  a  spin-echo  technique, 

HeP  and  P.  algnals  disappeared  at  10'^  and  lO'^-qi  MnCl2.  The 
saan  results  with  respect  to  HeP  were  obtained  with  a  dcoxy- 
genated  RBC  suspension  In  Ringer’s  nedlum.  Thus,  a  slightly 
lover  concentration  of  paraaagncclc  relaxation  agent  elleil- 
nates  extracellular  KeP  signals  recorded  with  the  spln-ecbo 
procedure,  allowing  a  little  longer  period  of  observation  ol 
Intracellular  signals  before  significant  amounts  of 
enter  the  ^ells.  The  areas  of  2,3-dtphosphoglycerate  (DPC) 
signals  obtained  with  the  spin-echo  method  were  oarkedly 
reduced  after  60  tain  of  Incubation  with  20**  and  10*^  KnCl2 
no  significant  change  was  observed  In  tho  one-pulse  experi¬ 
ment.  This  difference  Is  ascribed  to  the  spin-echo  results 
being  associated  with  free  DPO  aolccuUs,  whereas  the  one- 
pulse  data  relates  to  tlie  entire  DPO  population.  Including  a 
significant  j^rtlon  bound  to  deoxyhewoglobln  In  these  exper- 
laents.  20*^  KnCl^  with  spin-echo  recording  appears  useful 
In  monitoring  Intraerythrocytlc  RBC  signals,  as  noted  by  a 
linear  rise  of  KeP  signals  In  the  absence  of  slgofflcant 
change  in  DPC. 


NMR  STUDIES  OF  THE  PROTEOLIPIO  (OCCO-BINDING  PROTEIN)  OF 
E.COll 

0.  Boyd,  J.A.  Carver,  1,0.  Campbell,  P.T.  Jones  and  H.F, 
Moody:  Biochemistry  Department,  Oxford  University,  U.K.  and 
European  Molecular  Biology  Laboratory,  Heidelberg,  H. Germany. 

The  proteolipid  subunit  of  the  ATP  synthase  con^lex  is 
soluble  in  chlorofom-methanol.  .Using  new  methods  for  hand¬ 
ling  this  protein,  satisfactory  spectra  have  been  obtain¬ 
ed,  and  the  effects  of  varying  solvent  composition,  pH,  salt 
concentration  (LiCl),  water  content  and  temperature  have 
been  investigated.  Several  amino-acid  residues  have  been 
assigned  from  these  experiments,  and  from  COSY  and  HOESY 
spectra.  Many  of  the  HH  groups  appear  to  form  part  of  alpha- 
helices.  Lanthanide  shift  probes  have  given  some  preliminary 
information  about  proximity  relationships. 
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PARAMETERS  INFLUBiClNC  PCr/P.  VALUES  IN  NORMAL  AND 
CENETICALLY  DEFICIENT  HUMANS^ 

J.  S,  Leigh,  Jr.  and  B.  Chance  Dept,  of 
Blocbcslstry/Blophyelce,  Univ,  of  Penna,  Phila. ,  PA  igiOlJ 
NHR  of  ares  and  llabs  (1)  has  identified  limits  to 
the  "phosphate  potential"  (PCr/P.)  between  >10  at  rest 
(state  4)  down  to  approx.  1  in  exercise  and  acre  recently  to 
0.2  in  steady  state  exercise  of  a  highly  trained  athlete. 
Siaple  equations  describe  the  whole  work-rate  P^/FCr 
profile.  Profiles  of  lower  slope  and  eaxioa  are 
characteristic  of  untrained  conditions.  Further  perforaance 
degradation  occurs  in  peripheral  vascular  disease.  In  the 
latter  rase  evaluation  of  oxidative  aetaboliss  is  aade 
directly  by  recovery  tiaes  following  a  aaxiaal  exercise  bout 
with  aaxiaal  recovery  tiaes  of  10-20  ain  dus  to  limited 
oxygon  delivery  to  tissue.  Here  a  good  correlation  of  NHR 
recovery  tiaes  and  severity  of  diseeso  as  evaluated  by 
doppler  flow  and  angiography  is  obtained.  In  cases  of 
genetic  disease,  for  exaaple  cytochroae  b  deficiency  of 
skeletal  tissue,  recovery  tiaes  of  20  ain  were  observed 
suggesting  that  a  20  ain  recovery  tlao  in  a  skeletal  tissue 
is  near  the  survival  Halt.  In  the  cytochroae  b  deficient 
case,  bypass  of  the  deficient  site  by  aenadione  and  ascorbate 
caused  a  10-20  fold  decrease  of  recovery  tlae  with  reaarkable 
Increases  of  functional  activity  (2). 

I)  Chance,  B  et  al  (1981)  FNAS  (USA)78:6714-6718 
>)  Eleff,  S.  et  al  (1984)  PNAS  (USA)  (in  press,  6/84) 

Irant  Support:  H131934 
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NHR  RELAXATION  OF  SODIUM  AND  POTASSIWI  IONS  IN  LIVING  SYSTEM; 
G.  Hawn  and  H.  Shinar,  Department  of  Chemistry,  Tel-Aviv 
University,  69978  Panat  Aviv,  Israel 
NHR  relaxation  rates  of  Na*  and  K*  Ions  in  mammalian  and 
avian  erythrocytes  were  investigated  using  recently  dis¬ 
covered  NHR  shift  reagents  for  these  Ions.  As  expected,  the 
decay  curves  of  the  transverse  magnetizations  could  be 
separated  Into  two  coeponents,  while  the  longitudinal  mag¬ 
netizations  decayed  as  single  exponents.  Typical  values  for 
K-23  relaxation  times  in  huaan  and  dog  erythrocytes  are 
il“25ms.  T25*2Ims  and  l2f*6as.  They  are  independent  of 
storage  tire  in  spite  of  the  concomitant  Increase  of  the 
Intracellular  NaVX*  ratio.  Very  similar  value:  of  the  rela- 
xaticn  times  were  obtained  In  i&g  erythrocytes  which  contain 
high  concentrations  o'  Na*  ions.  The  temperature  dependencies 
of  the  relaxation  times  Indicate  fast  exchange  between  free 
and  bound  ions,  K-39  relaxation  times  are  quite  similar  to 
those  of  Na-23.  By  Investigating  the  separate  contributions 
to  relaxation  of  the  different  Intracellular  components  we 
may  presently  eliminate  the  binding  to  the  inner  side  of  the 
erythrocyte  membrane  and  the  binding  to  hemoglobin  as  signi¬ 
ficant  sources  of  relaxation.  In  avtan  erythrocytes,  which 
are  known  to  contain  nuclei,  the  relaxation  tides  of  sodiua 
are  significantly  shorter  than  those  in  Bamalian  erythro¬ 
cytes  and  increase  with  storage.  Our  preliminary  measure¬ 
ments  In  serum  points  to  senn  albumin  as  the  major  source 
of  sodiua  relaxation.  The  elucidation  of  the  relaxation 
mechanisms  of  alkali  metal  Ions  in  living  systems  may  provide 
a  new  probe  for  following  rorsul  and  pathological  states  of 
living  cells. 
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'’'C  m  AS  DIAGNOSTIC  TOOL  FOR  THE  CHARACTERIZATION  OF 
ENZYMATIC  BLOCKS  IN  MUTANTS  OF  THE  FUNGUS  ASPERGILLUS 
NIDULANS.  C.  Dijk^,  H.C.M.  Kest«r  and  J.  Vlsser.  Dope. 
o£  Molecular  Physics  and  Genetics  of  the  Agricultural 
University.  NagcningcR)  the  Netherlands. 

Mutants  of  the  filaaentous  fungus  A.  nidulans  with  vellknovn 
or  less  defined  genetic  defects  in  their  carbohydrate  aetabo* 
lisD.  have  been  coapared  with  the  uild-type.  grown  under 
identical  conditions.  In  the  case  of  the  pdh-C  Butant  (de¬ 
fective  in  the  a-cooponenc  of  the  pyruvate  dehydrogenase  com¬ 
plex).  the  contrast  in  I^C  label  distribution  with  wild-type 
after  incubation  with  ^^C-enriehed  glucose  is  very  obvious, 
even  for  very  low  substrate  levels.  The  13c  label  predoai- 
nantly  enters  into  alanine  via  transaaination  of  the  accuau- 
lated  pyruvate;  no  cnrichaent  in  TCA-cyelc  related  coepounds 
is  observed.  In  the  case  of  the  pyc-nutant  (defective  in  py¬ 
ruvate  carboxylase  activity),  the  contrast  with  wild-type  is 
less  pronounced  at  least  for  low  substrate  levels  and  short 
incubation  tixaes.  For  longer  incubation  tiaes  and  higher 
substrate  levels,  the  contrast  bccoaes  acre  pronounced  as 
shown  by  exhaustion  of  the  pools  of  TCA-cycle  related  coa- 
pounds  in  the  case  of  the  pyc-autant.  The  pppA  mutant  (de¬ 
fective  in  the  KMP-pathway.  lacking  transaldolase  activity) 
can  be  grown  on  glucose.  Under  those  conditions  there  is  ao 
contrast  with  the  wild-type.  However,  upon  incubation  of  the 
mycelium  with  xylose,  xylitol  can  still  be  observed  as  an 
intermediate,  both  in  wild-type  and  mutant,  but  in  the  mu¬ 
tant  a  still  unknown  compound  is  acuumulatcd  ^ich  is  not 
further  metabolized.  The  nature  of  this  compound  is  under 
investigation. 


31P  Creatine  Phosphate  in  Disassociated  Fetal  Rat  B.^aln 
and  N1E  115  Neuroblastoma  Cells;  P.  Glvnn.  S.  Ogawa, 
and  T.M.  Lee.  AT&T  Bell  Laboratories;  R.  Chappell. 
Hunter  College.  NY;  Z.  Ahmed.  Unlv.  of  Iowa. 

ATP  and  creatine  phosphate  levels  have  been 
studied  in  disassociated  rat  brain  cells  and 

undifferentiated  neuroblastoma  HIE  115  cells  using  NMR 
spectroscopy.  No  detectable  creatine  phosphate  was 
found  in  NIB  115  cells  grown  in  DMSi  plus  lOT  FBS, 
although  there  were  high  levels  of  ATP.  Disassociated 
rat  brain  cells  from  l6-day  fetuses  cultured  for 
days  in  vitro  with  completely  defined  medium  yielded 
70T  neuronal  cells  which  showed  only  a  small  amount  of 
creatine  phosphate.  In  comparison,  the  levels  in 
perfused  and  intact  brains  consistently  show  values  in 
the  same  range  of  ATP  concentration  under  normal 
aerobic  conditions.  When  the  medium  for  both  cell 
systems  was  supplemented  with  ICmM  creatine,  the 
phosphocreatine  levels  rose  to  better  than  twice  the 
level  of  ATP.  When  they  were  subsequently  subjected  to 
Ischemic  shock  the  ATP  levels  remained  constant  until 
the  phosphocreatine  vanished. and  then  they  decreased. In 
intact  brain  experiments  it  has  not  been  possible  to 
assign  the  source  of  phosphocreatine  to  a  cell  type  but 
the  experiments  on  cultured  cells  demonstrate  the 
existence  of  phosphocreatine  in  neuronal-type  cells  and 
show  phosphocreatine  level  to  be  a  good  monitor  of  the 
energy  s.ate  of  the  cells. 


31-P  N!®  SlICV  CM  FR1E2®  ERY'IHROLBJKEMIA  aSLI£(n£)  IN  VTIR) 
AND  IN  VIVO.  F.Podo,G.CarpinelU.M.DiVltQ.E.PrQlettl.S>Gessa- 
ni  and  F.Beiardelli,  Istituto  Suporiore  dl  Sanity, Italy. 

A  31-P  study  was  carried  out  on  FlC  induced  to  undergo 
erythroid  differentiation  ^  vitro. Significant  levels  of  gly- 
ccrcfhosphoryldx)Une(GPC)  /glycercphosphorylethanol2cdne{GPE) 
and  phosil)oryld>oline(FhC)  were  identified  in  untreated  cells 
and  their  PCA  extracts.  In  FIC  treated  4  days  with  either  di- 
nothylsulfoxid€(Dt^)  or  hcxaTCthylen€falsacetarcddc(!MaA),tho 
intracellular  ccooentration  of  IhC  was  markedly  increased  and 
that  of  GPC  reduced.  IDBA  being  more  effective  in  producing 
this  effect.  31-P  analysis  of  freshly  dissect^  tutors 
dctoxrlned  by  s.c.  inoculation  of  FTC  in  syngenic  mlce.showod 
that  during  tuner  giowth:1)GPC  and  CPS  levels  and  the  ratio 
GPC/PhC  significantly  Increase;  2)  the  intracellular  pK  decrea¬ 
ses.  Preliminary  stupes  on  tuners  treated  in  vivo  with 
either  X-rays  or  intcrfcrcndEN)  Indicated  that  during  IFN- 
-inducod  regression  of  the  tutors  the  levels  of  GPC  and  Fhc 
arc  nvxricodly  decreased  and  the  intracellular  pM  is  nviintainod 
at  physiological  values.  Such  effects  arc  not  found  in  tutors 
treated  with  X-rays.  Altha^  the  biochemical  role  of 
GIC  and  FhC  is  still  unclear, thoir  irodulations  cbseivcd  du¬ 
ring  either  ciythrold  dlffer&itiation  or  tumor  growth  or  re¬ 
gression  suggest  the  hypothesis  that  these  events  involve  mo* 
dlficaticns  of  the  rcgulatoxy  rcchanlercis  controlling  biosyn¬ 
thesis  and  catabolism  of  phospholipids. 
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A  NEW  IMAGING  BLOCK  FOR  BODY  CAVITIES 
P.  Greguss,  Applied  Biophysics  Lab.,  Technical 
University  Budapest,  Krusper  u.  2-4,  Budapest, 
Hungary 

Biological  and/or  medical  images,  when  not  rep¬ 
resented  as  cross  sections  or  projections,  are  in 
general  guided  by  a  display  system,  called  Central 
Convergent  Perspective  (CCP) ,  used  because  it  can 
fool  the  eye  of  the  observer  by  creating  the  sensa¬ 
tion  of  depth.  In  this  paper  a  new  system  of  per¬ 
spective,  the  Flat  Cylinder  Perspective  (FCP)  will 
be  developed;  it  will  be  argued  it  captures  more 
adequately  than  CCP  the  range  and  geometric  nature 
of  a  cylindrical  image  volumesuch  as  of  a  body  cav¬ 
ity.  The  unique  feature  of  FCP  images  is  that  it 
develops  the  totality  of  the  surrounding  visual 
space  at  once,  in  contrast  to  a  CCP  image  which 
does  it  only  successively  in  discrete  chunks.  As  a 
consequence,  the  ringshaped  FCP  image  has  a  hori¬ 
zontal  viewing  angle  of  360°,  while  the  width  of 
the  ring  is  equal  to  the  vertical  viewing  angle  of 
the  imaging  block.  Radial  lines  in  the  annular  im¬ 
age  represent  vertical  field  angles,  and  the  con- 
centrical  rings  represent  varying  horizontal  field 
angles  at  constant  vertical  field  angles.  Our  im¬ 
aging  block,  capable  of  producing  in  real  time  FCP 
images,  consists  of  aspheric  refracting  and  reflect 
ing  surfaces,  and  can  be  miniaturized  to  a  degree 
suitable  for  endoscopic  purposes.  Its  resolution 
is  comparable  to  that  of  conventional  endoscopes. 
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ALG0R1TJ21IC  AiyiL’/SIS  AITO  VISUAI,  T3:?0PAL 
PR2SSOTATZ0M  OP  OW-LIJIE  IlTTrsAPA.'i'rUtl  Orw-TA 
S.S.Arora.  P.J.  Parsons,  and  I.O,  Cooke, 

Department  of  Obstetrics  ond  Gynaecology, 

Univ*  of  Sheffield,  U.K. 

On-line  real  time  analysis  oC  the  fetal 
heart  rate  (ri:n)  and  the  intrauterine  pressure 
(lU?)  signals  of  parturient  wenen  was  achieved 
on  PDP-3  computer.  Various  algorithms  for  data 
acquisition,  storing,  filtering,  analysing, 
condensing,  display  and  archiving  wore  developed 
in  asscr^ly  language  ccn>jtiblc  vith  .7TS-8 
system.  Seven  hypotheses  \*ero  fomulatcd  in 
order  to  correlate  fetal  heart  function  in  utero 
to  neonatal  outccnc  measured  in  terns  of  Apgar 
score.  Linear  and  nultlolo  regression  analysis 
of  the  data  with  variance  and  F-aistributicn 
techni'^ues  revealed  the  utility  of  such  analysis. 
Petal  hypoxic  Insults  due  to  uterine  contractions 
can  be  quantified  by  decelerations.  PHR 
patterns  during  labour  exhibit  the  fetal  tissue 
oxi’genatlon  reserves.  Potc!l  distress  becomes 
predictable.  'Three  dlncnsional  plots  bct\*cen  the 
basal  heart  rate,  deceleration  areas  and  the 
duration  in  labour  were  dcronrtrativc  of  such 
portroryai  in  the  critical  obstetrical  situations. 

A  novel  ^display  based  on  Liss<Jous  vtterns  was 

utility.  Further  simulation  stuejos  are  attempted. 
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EH2Y/IATIC  ACIIVtTY  OF  E.hlstolvtica. 

£, Jifliene2-Cafdoso.  c.Recinos  and  J.Kuiidte,  Lab.  Infitunoparasi. 
tology.  Hospital  Infantll  dc  «dxIco,Mdxico.,0.F.Div.|nf9uno-” 
chemistry  IHSS  Centro  Hddico  Naclonal  Hdxico.,0.F. 

If  we  take  into  consideration  chat  Kdxico  is  one  of  the 
eocntflffS.v^re  anebiasis  Is  of  tha  cost  Inpcctant  healti- 
problems,  the  enzytaacic  study  of  the  different  strains  of 
£,  histolytica  offers  a  special  Interest  for  us.  Since  the 
base)  lamina  of  the  Intertinal  epithelium  Is  nade  up  of 
collagen  ,  the  different  collagenolytic  activity  of  the 
strains  studied  will  Indicate  degrees  of  pathogenicity. 

The  collagenase  activity  In  there  strains  of  E.hlstolvtica- 
was  Investigated;  two  of  then  were  obtained  from  asynptona- 
tlc  carriers  and  the  third  from  a  patient  with  amebic  coli¬ 
tis;  the  purpose  was  to  determine.  If  there  were  any  diffe¬ 
rences  present  that  would  allow  their  classification  accor¬ 
ding  to  their  enzymatic  activity. 

Method.-  The  precentage  of  hydrolysis  on  type  I  and  III  co¬ 
llagen  obtained  from  small  Intestine  was  measured  applying- 
the  mathod  modified  by  Rodking,  Where  the  results  showed  — 
differences  at  short  periods  of  incubation.  Likewise,  the  - 
collagenolytic  activity  of  the  three  strains  was  measured  - 
with  respect  to  nuniber  of  trophozoites  where  a  drect  rela  - 
tionships  of  hydrolysis  resulted  with  respect  to  this  para¬ 
meter.  Besides,  the  hydrolysis  products  obtained  from  the  - 
three  strains  were  determined  showing  quite  Important  diffe 
rences  that  suggest  an  explanation  to  the  different  degree- 
of  pathogenicity  present  in  them. 
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OYEZ  SCIENTIFIC  AND  TECHNICAL 
SERVICES  LTD 

MEETINGS  AND  NEWSLETTERS 


FIRST  EUROPEAN  SEMINAR  &  EXHIBITION 
ON 

COMPUTER-AIDED  MOLECULAR  DESIGN 
18th/19th  October  1984,  London 

The  design  of  molecular  structures  has  been 
revolutionised  by  recent  advances  in  computer 
graphics.  Organised  in  association  with  the 
Molecular  Graphics  Society,  this  seminar  will 
review  the  state  of  the  art  in  design  principles  and 
update  delegates  in  contemporary  hardware  and 
software.  The  meeting  is  aimed  at  research 
workers  in  biochemistry,  biophysics,  chemistry, 
crystallography,  molecular  biology,  phar¬ 
maceutical  research,  polymer  science  and  quan¬ 
tum  chemistry,  and  hardware  and  software 
suppliers. 

EXHIBITION:  Delegates  will  receive  hands-on 
experience  from  a  number  of  exhibitors  using 
a  VAX  750  computer  to  demonstrate  their  soft¬ 
ware  systems. 

FEES;  A  special  reduced  rate  will  be  available  for 
academics. 

For  further  details,  please  complete  the  form 
below. 


BIOTECHNOLOGY  BULLETIN  REPORTS 

Two  BIOTECHNOLOGY  BULLETIN  REPORTS 
are  published  each  month,  providing  up-to-date, 
in-depth  analysis  of  the  activities  and  future  plans 
of  those  who  operate  at  the  cutting  edge  of 
biotechnology. 

Based  on  personal  interviews  with  key  person¬ 
nel,  BIOTECHNOLOGY  BULLETIN  REPORTS 
offer  a  well-researched,  reliable  assessment  of  a 
leading  company,  research  organisation  or 
research  topic.  Read  by  many  leading  European, 
Japanese  and  US  companies,  cur  Reports  give 
essential  briefing  in  the  fast-char.ging  field  of 
Biotechnology. 

Subscription  Rate:  £48  per  year  (24  Reports), 
post  free. 

For  further  details,  please  complete  the  form 
below. 


BIOTECHNOLOGY  BULLETIN 

An  essential  information  source  covering  the  key 
developments  in  one  of  the  world’s  most  rapidly 
emerging  technologies. 

Biotechnology;  is  an  intensely  competitive  field  — 
but  the  potential  rewards  are  enormous  for  those 
who  can  keep  abreast  of  the  opportunities  as 
they  arise.  BIOTECHNOLOGY  BULLETIN  is  an 
established  and  authoritative  newsletter  pro¬ 
viding  up-to-the-minute  information  for  anyone  in 
the  field  —  whether  involved  in  research,  produc¬ 
tion,  investment,  marketing  or  regulation 
Published  every  month  throughout  the  year, 
BIOTECHNOLOGY  BULLETIN  presents  a 
thorough  briefing  on  developments  at  home  and 
abroad.  Succinct,  itemised  features  cover  new 
products  and  processes,  investment  pot'^ntial. 
Government  policies,  company  briefs,  market 
news  and  R  &  D  developments. 

Subscription  Rate:  £90  per  year,  post  free. 

For  further  details,  please  complete  the  form 
below. 


INTERNATIONAL  CONFERENCE 
ON 

INVESTMENT  IN  BIOTECHNOLOGY 
1st/2nd  November  1984,  London 

This  conference  will  focus  on  how  investment 
has  gone  into  biotechnology  in  the  last  few  years 
and  where  the  best  opportunities  are  for  invest¬ 
ment  over  the  next  few  years.  An  international 
panel  of  speakers  ranging  from  venture  capital 
companies,  multi-nationals,  specialist 
biotechnology  companies  to  engineering  con¬ 
tractors  from  the  USA,  UK,  Australia,  Sweden 
and  Denmark  will  lead  the  conference,  designed 
for  investors,  bankers,  scientists  and  financial 
analysts. 

For  further  details,  please  complete  the  form 
below. 


For  further  details  on  any  of  the  above  please  tick  the  appropriate  box  and  return  the  completed  form  to 

Oyez  Scientific  &  Technical  Services  Ltd.,  Bath  House,  56  Holborn  Viaduct,  London  EC1 A  2EX,  UK. 
(Tel:  01-236  4080) 

,  First  European  Seminar  &  Exhibition  on  Computer-Aided  Molecular  Design 
I  International  Conference  on  Investment  in  Biotechnology 
I  Biotechnology  Bulletin 
Biotechnology  Bulletin  Reports 

Name 
Position 
Organisation 
Address  _ 
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Satellite  Meetings  In  Bristol 


In  Vivo  Biochemistry  Workshop 


Saturday  04  August 


Organisers 

B.  Chance 

Dept,  of  Biochemistiy  and  Biophysics 
University  of  Pennsylvania 
Philadelphia 
USA. 

D.R.  Wiikie 

Dept,  of  Physiology 

University  College  London 

Gower  Street 

London 

United  Kingdom 


Venue 

Holiday  Inn 
Lower  Castle  Street 
Bristol 

United  Kingdom 

Registration 

Fees;  There  will  be  no  registration  fee. 

Morning  coffee,  afternoon  tea  and  a  light  lunch  will  be 
provided. 

Procedure.  To  be  advised.  Details  will  be  published  on  the 
notice  board  on  the  ground  floor  of  the  Congress  Centre. 


Programme 

.An  informal  meeting  on  Magnetic  Resonance  Techniques 
applied  to  the  study  of  intact  organs  of  humans  and  animals. 

A  panel  of  speakers  will  be  selected  for  a  series  of  20 
minute  presentations.  Voluntary  contributions,  either  as 
posters  or  oral  presentations  will  be  welcomed  and  fitted  into 
the  programme  as  may  be  possible.  Details  of  the  programme 
will  be  published  on  the  notice  board  in  the  Congress  Centre 
when  the  list  of  participants  is  known. 

09.30-10.00 

Morning  coffee  and  introductions 
1000-13.00 

Exercise  Performance  Evaluation  by  Phosphorous  NMR, 
Vascular  Disease  and  Studies  of  Genetic  Deficiencies  with 
Developments  of  Therapies  using  Phosphorous  NMR 
Chairman:  B.  Chance  (Pennsylvania) 

Speakers;  To  be  selected. 

1400-17.00 

Studies  of  Neonates  and  Animal  Models,  with  particular 
emphasis  on  Carbon  and  Sodium  Studies  as  well  as 
Phosphorous,  and  Technological  Aspects  of  In  Vivo  NMR  such 
as  signal  to  noise  ratio,  probe  design  and  data  analysis 
Chairman;  D.R.  Wilkie  (London) 

Speakers:  To  be  selected. 
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Symposium  on  New  Methods  in  X-Ray 
Absorption,  Scattering  and  Diffraction 
for  Applications  in  Structural  Biology. 


Sunday  05  August 
and 

Monday  06  August 


Organiser 

H  D.  Bartunik 

European  Molecular  Biology  Laboratory 

c/o  Desy 

Notkestrasse  85 

2000  Hamburg  52 

F.q.G. 


Registration 

Fees;  Delegates  £20.00,  Students  and  Postdoctoral  workers 
£1000.  The  fees  include  tea  and  cof'ee,  lunch  on  Sunday  and 
Monday  and  the  Symposium  dinner  on  Sunday  05  August. 
Procedure:  To  be  advised.  Details  will  be  publist'e''  on  the 
notice  board  on  the  ground  fioor  of  the  Congress  Centre 

Programme: 

Sunday  05  August 

0900-12.00 
X-Ray  Absorption 

Chairman:  B  Chance  (Pennsylvania) 

Speakers:  U  Powers  (AT&T  Bell) 

A  Bianconi  (Roma) 

J  Penner-Hahn  (Stanford) 

B  Chance  (Pennsylvania) 

D  Mills  (Cornell) 

A  Fontaine  (Pans) 

1300-1500 

Low-Temperature  and  Time-Resolved  Crystallography 
Chairman:  G  A  Petsko  (Mit) 

Speakers:  H  D  Bartunik  (EMBL,  Hamburg) 

GA  Petsko  (MIT) 

K  Moffat  (Cornell) 

1515-1630 

Time-Resolved  Solution  Scattering  and  Fiber  Diffraction 
Chairman:  J.  Bordas  (Daresbury) 

Speakers:  J  Bordas  (Daresbury) 

E.  Mandelkow  (MPI,  Heidelberg) 

Y.  Macda  (EMBL.  Hambuig) 

M.  Moody  (EMBL,  Heidelberg) 


Monday  06  August 

0900-10.30 

Anomalous  Scattering  and  Diffraction 
Chairman:  W.A.  Hendrickson  (Washington) 

Speakers:  W.A  Hendrickson  (Washington) 

R.  Fourme  (Pans) 

Z.R  Korszun  (Pennsylvania) 

H.B.  Stuhrmann  (Mainz) 

J.K.  Blaisie  (Pennsylvania) 

11  15- 1200  and  1300-  1600 
Intense  X-Ray  Sources  /  High  Count  Detection  Systems 
Chairman:  H  E  Huxley  (MRC.  Cambridge) 

Speakers:  K.C  Holmes  (MPI,  Heidelberg) 

RD  Frankel  (Rochester) 

J  C  Phillips  (Brookhaven) 

B.  Chance  (Pennsylvania) 

H  E.  Huxley  (MRC,  Cambridge) 

V.W  Arndt  (MRC,  Cambridge) 

J  Hendrix  (EMBL.  Hamburg) 

C  Boulin  (EMBL.  Heidelberg) 

G  C  Nicolae  (EMBL,  Hamburg) 


AccommotJation 


Special  arrangements  have  been  made  with  the  Holiday  Inn 
(or  those  attending  these  meetings,  and  details  of  these 
financially  advantageous  arrangements  can  be  obtained  from 
the  organisers 


Further  Information 


Delegates,  who  are  interested  m  receiving  further  information 
about  either  Satellite  Meeting,  should 

1  Study  the  notice  board  and  message  boxes  on  the 
ground  floor  of  the  Congress  Centre  (or  further  details 

2  Leave  their  name  and  telephone  number/address 
while  in  Bristol  with  the  Congress  Scientific  Secretariat, 
in  order  that  they  can,  if  necessary,  be  contacted  by  the 
Organisers  of  those  Satellite  Meetings 

3  Leave  a  message  in  the  message  boxes  (or  one  of 
the  Organisers 


2030-2200 

Contributed  Papers/Poster  Discussio'- 
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Marconi  Avionics  Limited 
Applied  Physics  Division 
Elstree  Way 
Borehamwood 
Hertfordshire  WD6  1 RX 
United  Kingdom 
Telephone  (01)  953  2030 
Telex:  22777 
Contact  John  C.  Holben 

Marconi  Avionics  has  been  manufacturing  the  Elliott  range  of 
Rotating  Anode  Generators  lor  almost  twenty  years  These 
generators  are  used  widely  in  the  field  of  bio-medical  research  and 
have  achieved  a  degree  of  reliability  unthought  of  in  the  early  days 
of  rotating  anodes  The  current  range  starts  w.th  the  GX20,  a 
relatively  low  cost  instrument  for  microfocus  work  with  a  maximum 
power  of  4kW  and  includes  the  GX13  which  provides  27kW/mm“, 
the  highest  specific  intensity  available  from  a  laboratory 
instrument,  and  the  GX21  which  will  deliver  15kW  into  a  10mm  x 
05mm  locus 

A  Small  Angle  Scattering  Camera  is  also  manufactured  which 
consists  of  a  general  purpose  camera  stand  with  the  choice  of 
three  different  configurations  of  X-ray  optics  offenng  various 
angular  resolutions  The  Small  Angle  Scattering  Camera  is 
complemented  by  a  Linear  Position  Sensitive  Detector  which  may 
be  used  to  obtain  rapid  diffraction  profiles  in  place  of  the 
conventional  film 

Another  item  of  interest  is  that  there  are  a  number  of  successful 
installations  operating  vrhere  the  power  of  the  GX21  Rotating 
Anoda  Generator  has  been  combined  with  the  sophistication  of  the 
Enraf  Nonius  CA04  Diffractometer  for  rapid  solution  of  biological 
structures  In  this  area  of  growing  interest,  the  system  is  supported 
by  the  combined  efforts  of  Marconi  Avionics  and  Enraf  Nonius. 


Stand  No  02 
Nature 

Macmillan  Journals  Limited 
Brunei  Road 
Houndmills 
Basingstoke 
Hampshire  RG21  2XS 
United  Kingdom 
Telephone.  (0256)  29242 
Telex:  858493 
Contact  Felicity  Parker 

For  more  than  a  century,  Naturehas  maintained  an  unrivalled 
reputation  for  the  speedy  publication  of  new  discoveries  and 
■firsts"  and  it  has  retained  its  independence  throughout  without  the 
support  of  a  society  or  wider  scientific  organisation 

Since  the  very  first  issue  in  1869,  the  lournal  has  been  filled  with 
reports  from  eminent  scientists  in  the  early  years  Hooker,  Lodge, 
Fitzgerald  and  Darwin,  and  in  our  own  century  Chadwick,  von 
Braun,  Raman,  Baltimore,  Watson  and  Weissman 

Biophysics  has  always  been  at  the  forefront  of  Nature's  articles 
and  editonals  Many  of  the  most  important  articles  on  protein 
structure  and  muscle,  the  most  significant  advances  in  techniques 
of  image  reconstruction  (some  contributed  by  Aaron  Klug),  and 
many  of  the  key  papers  on  single  channel  recording  from  cells  (fust 
discovered  by  a  Sakmann)  have  been  and  continue  to  be 
published  in  Nature. 

With  all  this  and  Nature’s  special  subscription  offer  to  personal 
subscribers,  you  surely  can't  afford  not  to  be  a  regular  ready  of 
the  world's  leading  science  weekly 

Come  to  Stand  No  02  lor  a  free  copy,  and  see  lor  yourself 
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Stand  No.  03 

Bristol  Economic  Development  Board 

Council  House 

College  Green 

Bristol  BS1  5TR 

United  Kingdom 

Telephone:  (0272)  291620 

Telex;  449714  BRIEDO  G 

Contact  Mike  West 

Bristol  IS  the  regional  capital  of  the  south  west  >,  England  and  is 
one  of  the  most  prosperous  and  thriving  cities  in  the  UK. 
Historically  a  major  seaport  and  one  of  the  world's  great  centres 
for  trade  and  commerce,  the  twentieth  century,  and  in  particular 
the  1980’s,  has  seen  the  city  developing  to  keep  ahead  of  the 
changes  in  science  and  technology 

The  local  economy  in  Bnstol  is  broad-based  Bnstol's  approach  to 
all  its  activities,  whether  industrial,  scientific,  cultural,  or  social,  is 
dynamic 

The  city  IS  proud  of  its  heritage  Once  the  second  city  in  the 
coup'ry,  Bristol  has  an  historic  legacy  and  tradition  of  exploration 
and  of  wetcoming  nc-x  ideas  and  visitors 

It  IS  lor  this  reason  that  B.istol  is  equally  proud  to  welcome  the  8th 
International  Biophysics  Congress  to  the  United  Kingdom,  and  to 
the  city  in  particular 

Bristol  IS  at  the  forefront  of  new  developments.  It  is  a  city  withou' 
parallel  Easy  communications,  whether  by  road,  rail,  sea  or  a,r 
make  it  accessible  to  all  pads  of  the  'world 

Equally  within  the  city  itself  the  University,  Polytechnic  and 
Colleges  carry  on  the  traditions  of  supplying  the  region  with  a 
skilled  workforce  well  versed  in  the  demands  of  high  technclogv 
industry 

The  City  of  Bristol  welcomes  you  and  wishes  all  delegates  to  the 
Congress  an  enjoyable  stay  in  our  fine  city 


Stand  No.  04 

MicroCai  Inc. 

29  Cottage  Street 
Amherst 

Massachusetts 01002  USA. 

Telephone  413  549  4641 
Contact  Linda  Witmer 

MicroCal  IS  the  world's  largest  supplier  of  ultrasensitive  scanning 
calorimeters  designed  specifically  to  meet  the  demanding 
requirements  of  researchers  studying  thermal  transitions  of 
proteins,  polynucleotides,  lipids,  membranes  and  other  biological 
materials  The  new  MC-2  Scanning  Calonmetor  offers  many 
impodani  advantages  over  our  earlier  MC-1  Instrument  including 
Its  much  higher  sensitivity,  greater  ease  of  operation,  and  option  ol 
manual  or  computerized  models  The  differential  design  utilizes 
matched  1 3  ml  cells  ol  the  total-fill  tyoe  with  access  only  throuj, 
external  filling  pods  Scan  rales  are  selectable  from  10  deg/hr  to 
90  deg/hr  over  the  temperature  range  from  -20  C  to  -1-1 10  C  The 
thermopile-dnven  leedbac'r  system  provides  differential  power  wiln 
a  noise  level  of  only  5  microcal/deg  and  baseline  repeatability  of 
25  microcal/deg 

Utilizing  the  DA-2  intedace-software  option  in  conjunction  with  an 
IBM-PC,  the  MC-2  IS  converted  to  digital  operation  While 
maintaining  automatic  control  of  the  Instrument,  MicroC^I's 
software  provides  for  visual  display  of  data,  dynamic  filtering, 
automatic  calibration  ol  the  power  axis  baseline  subtraction,  data 
normalization  and  manipulation,  data  storage,  AH  and  ACp 
determinations  curve  fitting,  deconvolution  of  overlapping 
transitions  and  continuous-line  hardcopy. 
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Elsevier  Science  Publishers  B.V. 

Biomedical  Division 
P.O.Box  1527 
1000  BM  Amsterdam 
The  Netherlands 
Telephone.  020  5803  547 
Telex:  18582 
Contact'  Phyllis  Bruin 

Elsevier  Science  Publishers  is  one  of  the  leading  publishers  of 
books,  journals  and  review  magazines  in  the  life  sciences  Our 
latest  addition  to  this  list  is  the  Journal  of  Biotechnology  which  will 
provide  a  medium  for  the  rapid  publication  of  full  articles  and  short 
communications  of  results  obtained  from  research  or  vanous 
aspects  of  biotechnology  Other  products  featured  on  the  Elsevier 
stand  include  Biochimica  et  Biophysica  Acta,  one  of  the  world's 
largest  biochemical  and  biophysical  journals,  Biophysical 
Chemistry,  an  international  journal  devoted  to  the  physical 
chemistry  of  biological  phenomena.  Chemistry  and  Physics  of 
Lipids.  Biophysics.  Bio-Engineering  and  Medical  Instrumentation. 
Advances  in  Biophysics  Sample  copies  of  these  and  other  Elsevier 
journals  can  be  requested  at  our  stand 


Stand  No.  06 

Academic  Press  inc. 

Orlando 
Flonda  32887 
USA 

Telephone  305  345  4100 
Telex;  568364  ACP  ORL 
Contact.  Kathy  Swigart 

Academic  Press  is  a  leading  international  publisher  of  books  and 
journals  in  the  Life  and  the  Medical  Sciences,  the  Physical  and  the 
Social  Behavioural  Sciences. 

Academic  Press  publish  over  300  books  each  year  and  produce 
180  journals  worldwide.  Grune  and  Stratton  is  the  rabidly  growing 
medical  imprint. 


Stand  No  07 

vVisepress  Book  Exhibitions 
4  Ashford  House 
39  High  Street 
Wimbledon  Village 
London  SW19  5B7. 

United  Kingdom 
Telephone  (01)947  0927 
Contact.  Penelope  Head 

George’s  Booksellers 
89  Park  Street 
Bristol  BS1  5PW 
United  Kingdom 
Telephone  (0272)  276602 

Wisepress  Book  Exhibitions  In  cooperation  with  George's 
Booksellers  of  Bristol  are  pleased  to  present  an  exhibition  of 
current  books  and  journals  concerned  with  biophysics  and  related 
disciplines.  All  the  titles  on  display  can  be  purchased  dunng  the 
Congress  and.  if  you  wish,  posted  to  your  home  address.  A  number 
of  publishing  houses  taking  part  in  the  book  exhibition  have  editors 
and  representatives  present  at  the  Congress  and  they  can  be 
contacted  at  the  stand 
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Stand  No.  08 

Robbie  Charles  Duff-Scott 
The  Flat 
82  Alma  Road 
Clifton 

Bristol  BS8  2DJ 
Uni'ed  Kingdom 
Telephone:  (0272)  827743 
Contact:  Robbie  Charles  Duff-Scott 

The  artist  was  born  on  1st  July  1959  in  Bristol  He  was  educated  at 
Clifton  College  and  then  at  York  University  where  he  read  English 
and  Related  Literature.  He  has  exhibited  works  in  Bath,  at  the 
Royal  West  of  England  Academy  in  Bristol  and  at  the  National 
Portrait  Gallery  in  London 

It  the  paintings  can  be  labelled  vnth  any  cntical  term  it  is  that  of 
romanbnsm.  The  works  attempt  to  appeal  to  our  emotions  by 
analogies  buried  memones'  and  'the  sublime  effect  of  darkness' 
The  predominance  of  dark  shadows  in  many  of  the  portraits  is  a 
debt  to  two  much  admired  painters  Rembrandt  and  Caravaggio. 

All  the  portraits  are  of  people  Scott  is  familiar  with.  The  mood  of  the 
pictures  IS  grave  but  they  are  not  intended  as  images  of  despair 
They  are  an  attempt  to  show  people  as  sympathetic,  warm,  lonely 
but  never  ridiculous  or  worthy  of  dislike  This  last  credo  will  dictate 
the  future  direction  of  Scott’s  painting 

Pnnts  and  onginal  works  can  be  purchased  dunng  the  Congress 
and  despatched  to  your  home 


Stand  No.  09 

Avon  County  Council 

Planning  Departmenl/Economic  Development  Unit 

Avon  House  North 

St  James  Barton 

Bnstol  BS99  7EU 

United  Kingdom 

Telephone;  (0272)  290777 

Contact:  Bob  Williams 

Biotechnology  has  entered  a  new  commercial  phase  involving 
multinational  giants  and  small  scale  start-ups  The  County  of  Avon 
IS  in  an  ideal  position  to  encourage  both,  with  its  attractive  location 
and  abundant  support  services 

Success  depends  more  than  ever  before  on  close  links  with 
academic  advance  Within  Avon,  the  University  of  Bristol  has 
research  facilities  and  projects  in  its  Departments  of  Biochemistry, 
Microbiology,  Pnarmacology  and  Pathology.  Bath  University 
operates  South  Western  Industnal  Research  Ltd  which  under¬ 
takes  contract  work  In  engineering,  biology,  pharmacy  and 
chemistry  The  national  Meat  Research  Institute  is  based  at 
Langlord.  Medical  services  and  research  in  the  County's  fifty 
hospitals  are  of  national  significance 

Avon  lies  in  the  tail/molorway  corndor  extending  westwards  from 
London  through  Heathrow  airport.  Already  a  centre  of  the  Bntish 
chemical  and  aviation  Industries,  Avon  recently  has  attracted  such 
high  technology  enterprises  as  the  Inmos  silicon  chip  company's 
research,  design  and  administrative  HQ  and  Hewlett  Packard's 
European  R&D  Centre  and  production  plant  lor  computer 
penpherals.  The  Aztec  West  science  park  houses  ICL,  Geac, 
Digital,  Systime  and  Benson  Electronics.  British  Aerospace  has  a 
key  satellite  development  unit  in  the  County. 
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The  British  Biophysical  Society 
The  Society  Treasurer 
Biophysics  Laboratory 
Portsmouth  Poiytechnic 
St.  Michaei’s  Buiiding 
White  Swan  Road 
Portsmouth  P01  20T 
United  Kingdom 
Teiephone;  (0705)  827681 
Contact:  Dr.  Henry  Rattie 

For  over  25  years  the  BBS  has  provided  a  unique  forum  for 
dicussion  of  the  application  of  physical  pnnciples  to  biological 
problems.  The  regular  Spring  and  Winter  meetings  have  been  held 
on  topics  as  diverse  as  trigger  processes  in  biology,  gels  and 
gelation,  and  low  temperature  transmission  electron  microscopy, 
and  are  designed  to  appeal  to  scientists  in  academia,  industry  and 
medicine.  In  addition  to  these  main  meetings,  the  Society 
encourages  the  organisation  of  one-day  discussion  meetings  on 
specialist  topics,  to  which  it  may  make  a  modest  financial 
contnbution.  The  current  membership  includes  biologists, 
physicists,  chemists,  physiologists  and  biochemists  as  well  as 
biophysicists  and  molecular  biologists.  The  Society  has  always 
been  aware  of  the  importance  of  biophysics  education  in  the  U.K, 
and  continues  to  pay  particular  attention  to  course  and  career 
guidance  in  the  subject.  It  publishes  a  guide  to  biophysics  courses 
in  the  U  K.  and  also  a  regularly-updated  booklet  “Why  Biophysics" 
which  IS  distributed  to  schools  and  colleges  throughout  the 
country. 

The  annual  subscription  of  C4  (£2  for  bona-fide  students)  provides 
reduced  registration  fees  for  all  Society  meetings.  Further  financial 
assistance  Is  often  available  for  postgraduates  and  post-doctoral 
workers  to  attend  these  meetings.  A  society  newsletter  is  issued 
several  times  each  year,  and  carries  news  and  comments  as  well 
as  announcements  of  meetings  and  lob  vacancies 

Membership  application  forms  are  available  at  the  Societ/s  stand 
at  the  lUPAB  conference,  or  may  be  obtained  directly  from  the 
Society  Treasurer.  Communications  for  the  Committee  should  be 
sent  c/o  The  Biochemical  Society,  7  Warwick  Court,  High  Holborn, 
London. 


Stand  No.  1 1 

Bulterworths 
Borough  Green 
Sevenoaks 
KentTN15  8PH 
United  Kingdom 
Telephone;  (0732)  884567 
Telex;  95678 
Contact:  Graham  Marshall 

Butterwodhs  publish  a  range  of  iournals  and  books  of  Interest  to 
Biophysicists  and  others  working  in  related  disciplines. 

Key  Iournals  Include  the  International  Journal  of  Biological 
Macromolocules.  This  iournal  was  established  to  aid 
communication  between  tho  many  disciplines  involved  In  all 
aspects  of  the  structure,  lunctlon  and  interaction  of  biological 
macromolecules  and  assemblies. 

Blomaterlala  provides  for  studies  In  the  physics,  chemistry  and 
engineering  of  materials,  diffusion,  surfaces  and  colloids,  tissue 
and  blood  interactions,  toxicology,  carcinogenicity.  Implant  design 
and  evaluatloa 


09.00-17.30 


Image  and  Vision  Computing  meets  the  need  of  researchers  and 
engineers  in  the  growing  field  of  computer-based  imaging  and 
vision  processing. 

The  Journal  of  Molecular  Graphics  assists  researchers  in  using 
computers  to  visualize,  manipulate  and  interact  with  molecular 
models 

Polymer  is  the  leading  international  journal  lor  the  science  and 
technology  of  all  polymeric  materials. Polymer  Communications, 
is  a  new  supplement  devoted  to  the  rapid  publication  of  short 
communications. 

Vaccine  is  the  international  journal  for  those  engaged  in  the 
production  and  use  of  vaccines. 

The  Buttervrorth  stand  will  display  and  carry  stock  of  the  following 
books: 

Handbook  of  Microscopy; 

Eukaryotic  Genes; 

Polysaccharides  in  Food; 

Electron  Transfer  Reactions; 

Radioisotope  Laboratory  Techniques. 


Startd  No.  12 

Hi-Tech  Scientific  Limited 
Brunei  Road 
Salisbury 
SP2  7PU 
United  Kingdom 
Telephone:  (0722)  20322 
Telex:  477877  HITECH  G 
Confaci-  David  Mitchell 

Hi-Tech  Scientific  Limited  are  the  world's  leading  manufacturers  of 
Rapid  Chemical  Kinetic  apparatus 

The  range  of  apparatus  is  continually  subiect  to  development  to 
keep  ahead  in  this  exciting  and  rapidly  developing  field  Hi-Tech 
Scientific  being  such  a  small  and  versatile  company  can  easily 
adapt  the  'standard'  range  to  manufacture  specialist  equipment  to 
the  individual  requirements  of  the  customer 

The  product  range  Includes  a  comprehensive  choice  of  research 
systems  comprising  of,  the  SF-3L  support  unit  with  precision 
thermostatling;  a  choice  of  4  modules,  either  the  standard 
stopped-llow  unit,  the  ciyoblochemical  stopped-llow  unit,  the 
versatile  mulli-mixing  module  or  the  temperature-jump  unit,  a 
complete  spectrophotometer  unit  with  UV/VIS  light  sources, 
monochromator  and  photomultiplier,  all  integrated  to  the  Hi-fech 
computerised  data  acquisition  and  processing  unit. 

A  teaching  series  is  also  available  covering  tho  three  essential 
kinetic  techniques  of.  stopped-llow,  temperature-iump  and  flash 
photolysis.  Recently  introduced  is  the  new  and  ingenious  SFA-1 1, 
stopped-llow  accessory,  which  enables  previously  impractical 
kinetic  experiments  to  be  performed  on  an  existing  UV/VIS 
spectrophotometer  or  lluonmeter. 

Recent  developments  adding  to  the  existing  Hi-Tech  range  are,  a 
high  pressure  stopped-flow  modulo  (capable  of  up  to  1000  bars),  a 
conductivity  attachment,  or  a  self  conlalned  conductivity  unit,  a 
quench  flow  module  and,  under  development,  a  rapid  scanning 
monochromator. 


Cell  Biochemistry  and  Function  is  the  International  loumal  of  the 
function  and  interaction  of  colls  and  organelles,  the  Influence  of 
disease,  drugs  and  other  chemicals. 
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Bio-Logic 

Zirst 

Chemin  Des  Preles 

38240 

Meylan 

France 

Telephone:  (76)  41  04  72 
Contact: 

Yves  Dupont 

Bio-Logic  is  a  young  company  bor  In  1983.  Located  in  the 
suburbs  of  Grenoble  it  has  a  very  trong  connection  with  the 
public  research  centers  of  the  alp  ne  city.  This  allows  Bio  logic  to 
benefit  from  years  of  experience  in  high-technology 
instrumentation  and  basic  research  in  the  following  fields 
Electrophyslology:  Bio-Logic  offers  the  latest  developments  in 
the  design  of  micro-probes  for  intracellular  measurements  and 
clamping  or  of  Patch-Clamp  technique. 

Research  Spectrophotometer/fluorimeter:  Derived  from  a 
laboratory  research  instrument.  Completely  modular  to  match  the 
needs  of  the  user,  it  offers  the  highest  available  stability  and 
sensitivity  in  light  detection. 

Rapid  Kinetics  Systems:  The  Bio-Logic  Stopped-Flow  module  is 
the  most  advanced  on  the  market,  syringes  are  dnven  by 
microprocessor  controlled  stepping-motora  This  module  has 
been  developed  to  be  fitted  with  the  Bio-Logic 
Spectrophotometer/fluorimeter,  it  may  be  easily  adapted  for 
other  observation  systema 

Rapid  Filtration  System:  A  unique  patented  system  which 
allows  filtration  to  be  performed  down  to  the  millisecond  time 
scale,  an  important  breakthrough  in  membrane  research  and 
rapid  kinetics 


Stand  No.  14 

GCA  Corporation 

Precision  Scientific  Group 

3737  West  Cortland  Street 

Chicago 

Illinois  60647 

USA 

Telephone:  31 2  227  2668 
Telex:  4330120 
Contact.  R  Rhine 

The  Zimmermann  Cell  Fusion  System  on  display,  electrically  fuses 
cella  including  hybndomas  for  monoclonal  antibody  production 
and  cells  or  plant  genetics,  yeast  transformations  and  other 
biotechnology  and  cell  research  applications.  With  the 
Zimmermann  Cell  Fusion  System,  cells  are  exposed  to  a  low  level 
electrical  field,  orienting  the  cells  end  to  end  Alignment  voltages 
can  be  vaned  from  zero  to  40  volts  at  a  frequency  of  1 0KHz  to 
SMHz.  The  Zimmermann  Cell  Fusion  technique,  also  called 
electrofusion,  is  a  patented  biotechnology  process  developed  by 
Or  Zimmermann  and  sold  under  an  exclusive  license  by 
GCA/Precison  Scientific  Group  worldwide,  except  for  continental 
Europe 
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Oxford  Research  Systems  Limited 

Nuffield  V7ay 

Abingdon 

Oxfordshire 

0X14  1RY 

United  Kingdom 

Telephone:  (0235)  32421 

Telex:  83356  ORS  G 

Contact'  Randal  Rue 

Oxford  Research  Systems  is  a  Company  specialising  in  the 
development,  manufacture,  and  support  ol  scientific  instruments 
for  research  m  biology  and  medicine  using  Nuclear  Magnetic 
Resonance. 

In  cooperation  with  the  Biochemistry  Department  of  Oxford 
University,  Oxford  Research  Systems  built  the  first  in-vivo  NMR 
spectrometer  which  was  commissioned  in  1980  The  technique 
aiiows  the  non-invasive  chei.rical  study  of  selected  tissues  within 
animats  and  humans. 

The  main  product  is  a  versatile  biomedical  NMR  spectrometer 
called  BIOSPEC.  it  is  a  multi-purpose  in-vivo  instrument  that  allows 
NMR  images  and  chemical  spectra  to  be  obtained  in  the  same 
patient  examination 

BIOSPEC  uses  a  wide  range  of  horizontal  superconducting 
magnets  with  diameters  between  150mm  and  1000mm  and  field 
strengths  between  1  5  Tesla  and  7  Tesla 

Oxford  Research  Systems  is  now  oart  of  Broker,  a  European 
Company  that  has  25  years  experience  in  NMR  spectrometers 
Local  support  IS  assured  through  a  world  wide  network  of 
subsidiancs. 

The  scientists  and  engineers  working  at  Oxford  Research  Systems 
are  proud  to  be  providing  the  instrumentation  lor  the  exciting 
research  work  m  bionedical  NMR  at  many  centres  including 
Oxford.  London,  Yale.  California  and  Detroit 
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The  Congress  Centre  at  a  Glance 


General 


Congress  Centre 

(City  Docks  Centre) 

Canon’s  Road 
Bristol 
will  be  open 

SUNDAY  29  JULY  08  30  hours  - 19.00  hours 

MONDAY  through  THURSDAY  08.30  hours  -  21.00  hours 
FRIDAY  03  AUGUST  0830  hours  - 17.30  hours 

These  times  coincide  with  the  first  arrivai  and  iast  departure, 
each  day,  of  the  Congress  shuttle  coach  service. 

Congress  Coach  Stop 

IS  at  the  Congress  Centre’s  main  ntrance  on  Canon’s  Road 

Car  Park  on  Anchor  Road 

costs  £1.00  per  day. 

Car  Park  adjacent  to  the  Congress  Centre 

is  for  permit  holders  only. 

Walking  to  the  Symposia  Venues 

The  most  picturesque  route  is  along  the  quayside  to  the  city 

centre,  rather  than  along  Canon’s  Road. 


First  Floor 

Congress  Scientific  Secretariat 

will  be  open 

SUNDAY  through  FRIDAY  0900  hours  •  17  30  hours 

Poster  Session  Areas 

for  Posters  001  •  282  on  Monday,  Tuesday,  Thursday  and 
Friday. 

Restaurant  and  Bar 

will  be  open 

SUNDAY  through  FRIDAY  1000  hours  ■  17.30  hours 

serving  tea.  coffee  and  soft  drinks.  A  licence  to  serve  beer  and 
wine  throughout  this  period  has  been  granted  by  the  Justices 
of  the  Peace.  Light  Lunches  and  speciality  afternoon  teas  will 
be  available. 

Toilets 


Ground  Floor 


I.U.P.A.B.  Secretariat 

will  be  open  al  limes  to  be  advised  ■  dciegates  are  asked  to 
check  the  Noticeboard  marked  “i.U.P.AB.  Announcements.’ 
Outside  published  opening  hours,  delegates  who  need  to 
make  urgent  contact  with  the  Secretary  General  of  I.U  P.AB. 
may  leave  a  message  with  the  Congress  Secretariat. 


Congress  Secretariat 

Registration  and  information  Desks  v/ili  be  open 

SUNDAY  through  FRIDAY  09  00  hours  •  17.30  hours 


Congress  Exhibition 

will  be  open 

MONDAY  through  FRIDAY  09.00  hours  ■  1 7.30  hours 


Stand  No. 

Congress  Exhibitors 

01 

Marconi  Avionics  Limited 

02 

Nature 

03 

Bristol  Economic  Development  Board 

04 

MicroCal  Inc 

05 

Elsevier  Science  Publishers  B.V. 

06 

Academic  Press  Inc. 

07 

Wisepress  Book  Exhibitions/ 

George’s  Booksaiiers 

08 

Robbie  Charles  Oulf-Scott 

09 

Avon  County  Council 

10 

The  British  Biophysical  Society 

11 

Butterworths 

12 

Hi-Tech  Scientific  Limited 

13 

Bio-Logic 

14 

GCA  Corporation 

15 

Oxford  Research  Systems  Limited 

Lounge  and  Quayside  Bars 

will  both  be  open 

SUNDAY  29  JULY  0830  hours  •  1900  hours 

MONDAY  through  THURSDAY  08.30  hours  -  21.00  hours 
FRIDAY  03  AUGUST  08  30  hours  •  1  ’.30  hours 

These  times  coincide  with  the  opening  times  of  the  Congress 
Centre  and  with  the  first  arnval  and  last  departure,  eacli  day, 
of  the  Congress  shuttle  coach  service.  The  bars  will  serve  tea, 
coffee  and  soft  drinks  throughout  these  periods,  and  the 
Justices  of  the  Peace  have  granted  a  licence  to  operate  a  full 
bar  service  from  10.00  hours  every  morning  until  the  Congress 
Centre  closes  each  evening 

Fruit  and  ice  Cream  Staii 

Message  Boxes  and  Noticeboards 

Delegates  are  encouraged  to  leave  messages  in  the  message 

boxes  and  also  to  routinely  check  lor  announcements. 

Cloakroom  and  Toilets 

Public  Telephones 

lor  outgoing  telephone  calls  only,  including  flight 
reconfirmations. 


I 


CONGRESS  CENTRE  GROUND  FLOOR 

(CITY  DOCKS  CENTRE)  CANONS  ROAD,  BRISTOL  I U-PAR  Secretariat 

Congress  Secretariat 
Congress  Exhibition 
Lounge  and  Quayside  Bars 
Fruit  and  Ice  Cream  Stall 


“FLOATING  HARBOUR” 


Freight 


